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PREFACE. 


HYSIOLOGY  has  been  too  much  studied  as  a 


science  of  opinions,  and  too  little  as  a science  of 
facts.  We  have  had  abundant  reasoning  from  scanty 
observations,  and  endless  arguments,  ‘ long  drawn  out/ 
from  the  slenderest  foundations.  It  is  hoped  this 
error  has  been  avoided  in  the  present  little  volume,  in 
which  it  has  been  the  object  of  the  Author  to  con- 
dense as  great  a number  as  possible  of  well-ascertained 
facts,  connecting  them  only  by  as  much  reasoning  as 
may  be  necessary  to  elucidate  their  mutual  relations, 
and  ascertain,  by  legitimate  induction,  the  general 
laws  which  they  appear  to  indicate.  The  outline  of 
the  plan  to  be  pursued  will  be  found  delineated  at  the 
commencement  of  the  chapter  immediately  following 
the  Historical  introduction.  To  this,  the  Author  has 
nothing  to  add,  except  that,  in  all  instances,  he  has 
studied  to  avoid  the  use  of  technical  terms,  or,  when 
obliged  to  employ  them,  has  taken  care  to  explain 
them  fully,  either  in  words  or  by  references  to  the 


In  the  course  of  his  work  the  examination  of 
theories  has  occasionally  been  found  necessary,  and 
the  freedom  with  which  he  questions  doctrines  ad- 


plates. 
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PREFACE. 


vanced  by  men  whose  talents  have  gained  them  uni- 
versal fame,  may  appear  to  some  to  border  on  arrogance 
and  presumption.  He  begs  earnestly  to  disclaim 
being  actuated  by  any  such  feelings  : he  has  had  no 
object  in  view  except  the  discovery  of  truth ; he  has 
never  for  a moment  supposed  that  his  name  could  be 
placed  in  competition  with  those  of  the  individuals 
alluded  to  ; but  he  has  merely  stated  such  facts,  and 
adduced  such  arguments,  as  appeared  to  him  incon- 
sistent with  the  doctrines  in  question ; and  by  the 
reality  of  those  facts,  and  the  justice  of  those  argu- 
ments, he  desires  to  be  judged. 

It  will  be  observed  that  his  work  embraces  only 
those  functions  by  which  animals  support  their  indi- 
vidual life,  and  maintain  their  relations  with  external 
bodies : all  consideration  of  the  functions  by  which 
the  continuation  of  the  species  is  insured,  has  been 
designedly  omitted. 

An  acknowledgment  of  all  the  authorities  con- 
sulted in  preparing  the  present  volume  would  have 
encumbered  the  pages  with  foot-notes  of  reference, 
and  proved  abundantly  more  pedantic  than  useful. 
It  may,  however,  be  proper  to  state,  that  of  contem- 
porary writers,  the  Author  is  most  indebted  to  Serres, 
Magendie,  De  Blainville,  Bostock,  Bell,  Arnott, 
Flourens,  Edwards,  Lawrence,  Prichard,  Desmou- 
lins, and  Yirey. 


ADVERTISEMENT  TO  THE  THIRD  EDITION. 


advances  which  have  been  made  during  the 


t few  years  in  animal  chemistry,  as  well  as 

the  great  improvements  in  the  use  and  construction  of 

s 

the  microscope,  have  led  to  considerable  modification 
of  many  of  the  physiological  views  which  prevailed  at 
the  time  when  the  First  Edition  of  this  book  was 
published.  The  whole  of  the  volume,  therefore,  has 
been  carefully  revised,  and  such  alterations  made  as 
were  necessary  to  adapt  it  more  nearly  to  the  know- 
ledge of  the  present  day.  The  original  plan  of  the 
work,  however,  was  so  excellent,  the  illustrative  re- 
marks of  the  Author  so  happy,  and  the  reasoning  for 
the  most  part  so  just,  that  the  present  Editor  has 
desired,  and  endeavoured,  to  retain  as  much  as  pos- 
sible. Instead  of  pulling  down  the  old  edifice  to 
build  one  in  its  place  more  modern  but  perhaps  less 
solid,  the  object  has  been  rather  to  replace  each 
unsound  timber,  each  piece  of  defective  masonry,  by 
newer  and  more  trustworthy  materials,  but  to  leave 
the  main  structure  substantially  the  same. 
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ADVERTISEMENT. 


Notwithstanding,  therefore,  the  considerable  dif- 
ferences which  will  be  detected  on  comparing  this 
Edition  with  the  last,  it  is  hoped  that  the  old  spirit 
has  been  preserved,  and  that  the  work  may  prove  not 
less  acceptable  than  before  to  the  general  reader. 


November,  1854. 
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HISTORICAL  INTRODUCTION. 


I)HYSIOLOGY,  or  the  Science  of  Life,  was  at  first  taught  in 
the  schools  as  a branch  of  Philosophy.  In  this  way  Pytha- 
goras, Alcmseon,  Empedocles,  and  others  supplied  incidental 
notices  of  the  human  frame  in  their  lectures  on  mind  and  matter. 
From  such  notices  we  could  derive  no  instruction,  and  little 
entertainment,  except  from  their  absurdity.  We  may,  there- 
fore, be  excused  for  passing  them  over,  and  commence  our 
survey  of  the  science  with  the  first  man  who  substituted 
observation  for  theory,  and  fact  for  imagination. 

Bom  in  the  noblest  days  of  Grecian  literature, 
Hippocrates  proved  himself  a worthy  contemporary 
of  Socrates,  Thucydides,  and  Herodotus.  He  was  of 
royal  descent,  his  wealth  was  ample,  and  pleasures  lay 
in  his  path ; but  disdaining  the  seductive  influence  of  sloth  and 
inglorious  ease,  he  thirsted  after  that  true  nobility  which 
arises  from  superior  knowledge,  from  more  extensive  power  of 
doing  good.  His  ancestors,  expelled  from  Caria,  where  they 
had  reigned,  settled  in  the  little  island  of  Cos,  and  established 
there  a medical  school,  the  renown  of  which  has  come  down  to 
our  days.  In  this  school  were  duly  preserved  reports  of  the 
cases  of  those  who  came  to  be  relieved  of  their  maladies ; and 
the  collected  observations  of  many  generations,  on  the  nature 
and  structure  of  the  human  body,  furnished  abundant  mate- 
rials to  stimulate  the  curiosity  and  exercise  the  ingenuity  of  an 
inquisitive  mind.  Here  was  Hippocrates  reared  in  ‘ all  the 
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knowledge  and  wisdom’  of  the  age.  He  studied  general 
science — physics,  natural  history,  geometry,  and  astronomy; 
and  having  thus  prepared  his  mind  for  the  grand  object  at 
which  he  aimed,  he  proceeded  to  turn  all  his  varied  acquire- 
ments to  the  attaining  a perfect  knowledge  of  the  structure, 
functions,  and  disorders  of  the  several  organs  of  the  human 
body.  Distrusting  the  observations,  however  extensive,  made 
solely  in  one  place,  he  now  determined  to  travel,  and  compare 
the  ideas  he  had  acquired  at  home  with  the  opinions  which 
prevailed  in  other  countries.  To  this  search  after  knowledge 
he  devoted  twelve  whole  years,  and  visited  Thrace,  Thessaly, 
Macedonia,  Delos,  Scythia,  and  many  places  in  Asia  Minor. 
He  spent  much  time  at  the  temple  of  Diana  at  Ephesus,  where 
he  copied  out  the  accounts  of  diseases  usually  inscribed  on  the 
votive  tablets  by  persons  who  imputed  their  recovery  from 
disease  to  the  interposition  of  the  gods ; and  having  thus  filled 
his  mind  with  useful  facts  and  observations,  he  returned  to 
employ  them  for  the  good  of  his  country,  and  the  benefit  of 
mankind.  We  must  not,  however,  think  of  following  him 
through  the  details  of  a life  which  added  honour  to  philosophy 
and  dignity  to  science,  but  must  confine  our  view  to  his  attain- 
ments as  a Physiologist. 

The  question  as  to  whether  he  ever  actually  dissected  a 
human  body  would  require  too  much  space  to  discuss.  How- 
ever, we  find  scattered  through  Iris  works  observations  which, 
considering  the  time  at  which  they  were  made,  evince  sur- 
prising intimacy  with  anatomical  details : his  directions  for  the 
reduction  of  dislocations  and  the  treatment  of  fractures  bespeak 
a knowledge  of  the  skeleton : and  though  human  subjects  may 
not  have  come  under  his  knife,  there  seems  little  reason  to 
doubt  that  his  researches  into  the  structure  of  other  animals  were 
tolerably  extensive.  The  prejudices  which  then  existed  may 
have  interrupted  his  anatomical  pursuits,  but  he  showed  how 
highly  he  valued  the  knowledge  to  be  thus  acquired  when  he 
presented  to  the  temple  of  Apollo  at  Delphi  a brazen  skeleton, 
as  the  most  skilful  subject  of  contemplation  for  the  disciples 
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of  the  God  of  Healing.  It  is  singular,  that  as  we  find  in  ancient 
authors  obscure  intimations  of  the  existence  of  a western  world, 
the  discovery  of  which  lent  such  lustre  to  the  close  of  the 
fifteenth  century,  so  the  doctrine  of  the  circulation  of  the  blood, 
hy  which  our  countryman  Harvey  is  immortalized,  may  actually 
be  inferred  at  least  to  a certain  extent,  from  terms  made  use  of 
by  the  Father  of  Medicine. 

He  was  not  equally  happy  in  others  of  his  explanations. 
He  supposed  that  in  drinking,  a small  portion  of  water  insinu- 
ated itself  into  the  windpipe,  which,  from  the  great  irritability 
of  its  lining  membrane,  and  the  accurate  closure  of  its  lid,  we 
now  know  to  be  impossible.  He  tells  us  the  auricles  of  the 
heart  are  like  bellows  filled  with  air,  to  cool  and  refresh  the 
boiling  blood  with  which  it  is  filled ; and  he  occasionally  uses 
his  terms  with  such  vagueness  that  we  are  at  a loss  to  know 
his  exact  meaning.  But  his  failings  were  those  of  the  period, 
his  excellencies  were  his  own.  He  was  a man  who  lived 
before  his  time.  Little  has  been  added  by  after-ages  to  his 
mode  of  distinguishing  diseases,*  and  none,  perhaps,  have  sur- 
passed him  in  skill  in  foretelling  their  terminations. 

About  thirty  years  after  him,  Plato  included  in  his 
lectures  observations  upon  the  economy  of  the  human  ' 
body,  and  the  principles  of  which  it  is  composed.  As  they 
were,  however,  rather  the  vague  speculations  of  philosophic 
reverie  than  sober  deductions  from  established  facts,  a short 
account  of  them  will  suffice.  Setting  out  with  two  general 
principles,  God  and  Matter,  he  conceived  that  the  first  form 
which  matter  assumes  is  triangular.  Out  of  these  triangles  are 
composed  the  four  elements,  fire,  air,  earth,  and  water;  and 
from  these  elements  is  the  human  body  produced.  He  con- 
siders the  spinal  marrow  to  be  the  part  first  formed ; that  this 
marrow  then  covers  itself  with  bones,  and  these  bones  with 


* c should  except  from  this  assertion  the  improvements  made  by  Auen- 
•^rugger  and  Laennec,  in  the  mode  of  distinguishing  chest  diseases  by  means  of 
percussion  and  the  use  of  the  stethoscope ; which  last  we  do  not  hesitate  to  declaro 
the  most  valuable  addition  to  medical  d lay  nos  in  that  has  been  made  since  the 
times  of  which  we  speak. 
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flesh.  The  soul  he  lodges  in  the  brain,  which  he  calls  the  conti- 
nuation of  the  spinal  marrow,  and  the  ligaments  by  which  this 
latter  is  held  in  its  place,  he  looks  on  as  the  bonds  connecting 
mind  with  matter.  As  he  supported  the  doctrine  that  nature 
abhors  a vacuum,  he  founded  on  it  an  amusing  theory  of  respi- 
ration. The  air,  he  says,  which  issues  from  the  lungs  through 
the  mouth  in  expiration,  meeting  that  which  surrounds  the 
body  externally,  pushes  it,  so  as  to  cause  it  to  insinuate  itself 
into  the  pores  of  the  skin,  and  so  to  penetrate  till  it  has  gained 
the  place  of  that  which  has  been  expired;  but  afterwards 
returning  through  the  same  pores,  it  obliges  the  air  to  rush  into 
the  mouth,  the  only  opening  now  left  for  it,  and  in  this  manner 
is  inspiration  produced. 

Aristotle,  who  was  a pupil  of  Plato’s,  imitated  him  in 
turning  his  attention  to  the  structure  of  the  human 
BAC‘  frame.  He  wrote  some  books  on  medicine  and 
anatom}-,  which  have  not  reached  us.  Perhaps  we 
should  the  less  regret  this  from  the  specimens  of  physiology 
which  we  find  scattered  through  his  great  work.  The  Natural 
History  of  Animals.  In  no  other  part  of  his  compositions  has 
he  shown  so  culpable  a neglect  of  examining  for  himself, — so 
easy  a reliance  on  the  statements  of  those  he  employed.  His 
assertions  that  1 all  animals  have  flexible  necks,  except  the  wolf  I 
and  the  lion,  who  have  this  part  composed  of  a single  bone,’ 
and  that  ‘ there  is  no  marrow  in  the  bones  of  lions,’  with  others 
of  this  kind,  are  sad  blots  on  his  general  accuracy.  That  his 
dissections  were  confined  to  the  lower  animals,  and  did  not 
extend  to  man,  we  may  infer  both  from  the  nature  of  his  descrip- 
tions, and  from  his  own  admissions.  [Yet  let  us  not  forget  that 
Cuvier  considered  some  of  Aristotle’s  descriptions  of  quadrupeds 
superior  to  those  of  Buffon,  and  that  his  details  of  the  lower 
tribes  of  animals  are  said,  by  Professor  Grant,  to  be  sometimes 
more  accurate  than  those  of  Cuvier  himself.] 

The  enlightened  views  of  the  Ptolomies  gave  the 
B'c‘  first  efficient  assistance  to  this  science,  which  we  have 
seen  hitherto  struggling  through  doubts  and  absur- 
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clitics.  With,  a love  of  science  scarcely  to  he  expected,  they 
ordered  that  the  bodies  of  criminals  should  be  given  for  exami- 
nation to  the  medical  schools.  Thus  was  the  foundation  laid 
of  a rational  physiology,  and  a termination  put  to  the  strained 
and  uncertain  analogies  by  which  it  was  usual  to  reason  on  the 
human  body  from  what  had  been  discovered  in  the  lower 
animals.  The  first  to  avail  themselves  of  this  important  privi- 
lege were  Erasistratus  and  Heropliilus,  the  great  masters  of  the 
Alexandrian  school.  With  an  ardour  worthy  of  the  cause  in 
which  they  were  embarked,  they  applied  themselves  to  culti- 
vating the  extensive  field  of  investigation  thus  opened  to  them, 
and  they  soon  produced  results  worthy  of  their  labours.  Anterior 
to  their  days,  it  was  usual  to  derive  the  nerves  from  the  heart, 
which  was  made  the  centre  of  the  feelings,  the  reason,  and  the 
passions : and  so  much  more  powerful  is  old  prejudice  than 
even  well-established  fact,  that  up  to  the  present  hour  this  idea 
prevails  in  common  conversation,  and  we  familiarly  speak  of  a 
person  being  sad  at  heart , or  of  their  heart  being  rejoiced  within 
them.  Erasistratus  was  the  first  who,  by  accurate  examination 
of  the  human  frame,  showed  the  absurdity  of  these  theories. 
He  traced  the  nerves  carefully,  until  he  found  them  all  springing 
from  the  brain  and  spinal  marrow;  he  first  divided  them  into 
two  sorts,  nerves  of  sensation,  and  nerves  of  motion ; he  first 
showed  that  they  were  the  means  by  which  we  take  cognizance 
of  the  impressions  made  on  the  organs  of  sense ; and,  finally, 
he  raised  the  brain  to  its  proper  dignity,  refuted  Aristotle’s 
absurd  way  of  considering  it  as  a mere  excrescence  from  the 
spinal  marrow,  capable,  by  its  usual  coldness  and  moisture,  of 
allaying  the  fire  at  the  heart,  and  showed  it  to  be,  what  it  really 
is,  the  true  nervous  centre  to  which  all  sensations  are  conveyed, 
and  from  which  all  voluntary  acts  arise. 

He  had  a worthy  fellow-labourer  in  Heropliilus,  who  appears 
to  have  lived  about  the  same  tune,  though  we  do  not  read  of 
their  co-operation.  In  fact,  their  own  works  being  lost,  we  only 
know  them  through  such  parts  of  their  discoveries  as  are  referred 
to  them  by  subsequent  writers.  Heropliilus  seems  chiefly  to 
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liave  attached  himself  to  the  stud}'  of  the  pulse  as  an  indication 
of  disease  ; and  to  such  minuteness  were  his  observations  carried 
that  several  of  his  pupils,  we  are  told,  gave  up  in  despair  the 
task  of  following  them  master’s  refinements.  He  has  also  the 
credit  of  having  discovered  the  lacteal  vessels,  by  which  the 
nutritious  part  of  the  food  is  conveyed  from  the  intestines 
towards  the  veins ; but  though  he  observed  the  vessels,  it  does 
not  appear  he  was  fully  aware  of  their  use.  Such  splendid 
commencements  might  have  been  expected  soon  to  brighten 
into  a glorious  day,  but  the  clouds  of  prejudice  interposed; 
popular  feeling,  always  most  warm  when  most  misdirected, 
interfered  to  prevent  the  pursuits  of  science.  ‘Another  king 
arose,’  unpossessed  of  the  same  enlightened  liberality ; the  pri- 
vilege of  dissection  was  revoked,  and  surgeons  were  obliged  to 
practise,  in  all  the  awkwardness  of  ignorance,  on  the  living, 
that,  art  which  they  might  have  learned  in  safety  on  the  dead. 
It  may  be  wondered  that  the  custom  of  embalming  bodies  which 
prevailed  in  Egypt,  should  not  have  promoted  an  acquaintance 
with  their  structure;  but  the  people  who  performed  this  duty 
under  the  influence  of  blind  superstition,  feared  to  gaze  on  the 
wonders  before  their  eyes ; and  when  men  were  found  anxious  to 
inquire  into  the  secrets  of  nature,  they  were  assailed  as  sacri- 
legious and  impious,  and  were  said  to  have  carried  their  investi- 
gations to  the  inhuman  length  of  dissecting  malefactors  alive, 
with  as  much  truth  as  the  old  fable  represents  Medea  to  have 
thrown  men  into  a boiling  caldron,  because  she  first  introduced 
the  warm  bath  as  a remedial  agent. 

Erom  this  time  centuries  passed  without  a new  fact  being  dis- 
covered, or  a new  observation  made.  Physicians  confined  them- 
selves to  forming  theories,  and  writing  commentaries  on  the 
works  of  Hippocrates  and  Aristotle;  Surgeons  to  the  inventing 
a. new  form  of  bandage;  and  Pharmaceutists  to  collecting  roots 
and  plants  of  which  they  knew  neither  the  nature  nor  the  pro- 
perties. Physiological  knowledge  was  totally  at  a stand,  and 
the  medical  world  seemed  solely  occupied  with  the  absurd  dis- 
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putes  between  the  three  sects  of  Dogmatists,  Empirics,  and 
Sceptics,  into  which  it  was  divided. 

In  the  second  century  after  Christ,  under  Adrian  and  several 
succeeding  emperors,  lived  Galen.  He  was  a man  of 
extensive  learning,  much  ingenuity,  great  eloquence, 
and  excessive  vanity.  He  aspired  to  he  the  leader  of 
the  medical  opinions  of  the  age,  and  his  success  exceeded  even 
his  warmest  expectations.  For  more  than  thirteen  centuries  he 
reigned  in  the  medical  schools  with  as  undisputed  sway  as  did 
Aristotle  in  the  metaphysical.  To  donbt  his  doctrine  was  con- 
sidered heresy,  to  question  his  dicta  the  excess  of  scepticism. 
He  seems  to  have  been  the  first  who  ascertained  physiological 
facts  by  experiment.  In  this  way  he  proved  that  muscles  owe 
their  power  of  feeling  and  motion  to  the  nerves  with  which  they 
are  supplied,  as  by  cutting  these  nerves,  or  applying  a ligature 
tightly  round  them,  he  paralyzed  the  muscles : he  showed  the 
formation  of  voice  to  depend  on  the  muscles  supplied  by  the 
recurrent  nerve,  as  on  cutting  this  nerve  animals  became  dumb : 
he  refuted  the  old  opinion  that  arteries  were  filled  with  air,  and 
showed  that  during  life  they  contain  blood : he  held  that  the 
mesenteric  veins  assisted  in  conveying  the  chyle  (or  nutritious 
part  of  the  food)  from  the  small  intestines ; explained  the  func- 
tions of  the  kidney,  and  described  the  duct  by  which  the  bile  is 
conducted  from  the  gall-bladder  to  the  duodenum.  His  medical 
skill  seems  to  have  been  very  great,  and  his  general  knowledge 
immense.  But  we  are  not  more  attracted  towards  Galen  by 
admiration  of  his  vast  genius,  than  hy  observing  the  depth  of 
feeling  with  which  he  speaks  of  the  wisdom  and  goodness  of 
God,  and  the  generous  indignation  he  expresses  against  those, 
who,  in  the  pride  of  a vain  philosophy,  attempted  to  question 
His  existence. 

‘Why,’  he  asks,  ‘should  I further  dispute  with  such  beings 
deprived  of  reason?  ....  The  Father  of  all  nature  has  proved 
his  goodness  in  wisely  providing  for  the  happiness  of  all  his 
creatures,  in  giving  to  each  that  which  might  be  really  useful  to 
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them ; he  has  shown  his  infinite  wisdom  in  choosing  the  best 
means  to  accomplish  his  beneficial  ends ; and  he  has  given  proofs 
of  his  omnipotence  in  creating  everything  perfectly  conformable 

to  its  destination True  piety  consists,  not  in  sacrificing 

hecatombs,  or  burning  a thousand  delicious  perfumes  to  his 
honour,  but  in  acknowledging  and  proclaiming  aloud  his  wisdom, 
his  power,  his  love,  and  his  goodness.’ 

There  now  followed  a long  period  of  total  darkness,  in  which 
the  minds  of  men,  in  the  gloomiest  depths  of  spiritual  prostra- 
tion, were  content  to  register  absurdities  and  perpetuate  mis- 
takes. During  this  time,  rational  Physiology  was  almost  extinct, 
and,  in  its  place,  men  were  content  to  explain  the  phenomena  of 
life  by  astrology  and  alchemy  with  Paracelsus ; by  an  ‘ arcluBus,' 
or  intelligent  being,  placed  in  the  epigastric  region,  with  Tan 
Helmont ; or  by  ‘ animal  spirits  ’ with  Des  Cartes.  The  person 
to  rouse  the  world  from  its  long  sleep,  and  prosecute 
science  by  the  true  mode  of  examination  and  experi- 
ment, was  Yesalius.  Of  great  talents  and  an  inquiring 
disposition,  he  early  evinced  a decided  predilection  for  Anatomy. 
So  powerful  was  this  taste,  that  to  gratify  it,  he  is  said  to  have 
stolen  bodies  from  the  gibbet,  and  dissected  them  in  his  own  bed- 
room. The  results  of  such  investigations  were  not  long  doubtful. 
He  soon  proved,  that  Galen’s  anatomy  was  in  many  places  faulty, 
and  generally  taken  from  apes  and  other  inferior  animals  ; he 
hesitated  not  to  make  public  his  discoveries,  and  at  the  age  of 
twenty-five,  undertook  and  produced  a treatise  on  Anatomy 
founded  on  his  own  dissections,  which,  for  arrangement,  copious- 
ness, and  accuracy,  is  admired  to  this  day. 

Of  course,  such  a revolution  in  the  medical  world  would  not 
be  tamely  submitted  to  by  those  who  had  grown  grey  in  the 
belief  of  the  infallibility  of  Galen.  A powerful  party  was  formed 
against  our  young  innovator,  his  doctrines  were  denounced  as 
heretical,  and  having  some  time  after  gained  permission  to  open 
a young  Spaniard,  who  was  said  to  have  died  of  a singular 
disease,  his  enemies  spread  a report  that  the  young  man’s  heart 
had  beat  on  being  exposed,  and  accused  Yesalius  before  the 
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Inquisition  of  dissecting  men  alive.  Nothing  less  than  the 
interposition  of  the  king  (Philip  II.),  whose  physician  he  was, 
could  have  saved  him  from  an  ignominious  death  ; he  was,  how- 
ever, ordered  to  expiate  his  crime  by  a pilgrimage  to  the  Holy 
Land,  in  returning  from  which  he  was  shipwrecked,  and  died 
A.D.  1564. 

Thus  perished  Vesalius,  a martyr  to  his  love  for  science : but 
the  spirit  of  inquiry  which  he  had  aroused  perished  not  with 
him.  The  fetters  of  authority  that  so  long  had  cramped  the 
intellect  were  broken,  and  men  started  forward  in  the  new 
course  that  was  opened  to  them,  with  all  the  vigour  of  1 a giant 
refreshed  from  sleep.’  The  following  century  was  signalized  by 
three  discoveries  equally  beautiful  and  important ; discoveries, 
which  lent  to  physiology  a new  interest  and  clearness,  and  first 
raised  it  to  that  elevated  situation,  which  it  now  maintains. 
These  discoveries  were,  the  lacteal  vessels  by  Asellius,  a Pro- 
fessor at  Pavia,  in  1622 ; the  general  lymphatic  system,  by 
Olaus  Rudbeck,  a Swede,  in  1651 ; and  the  great  discovery  of 
the  circulation  of  the  blood,  by  our  own  countryman  Harvey, 
which  in  some  measure  led  to  the  other  two,  and  which  was  first 
announced  in  the  year  1619. 

We  may  be  permitted  to  say  a few  words  on  each  of  these 
discoveries. 

Harvey,  after  having  graduated  at  Cambridge,  proceeded  to 
Padua  for  the  purpose  of  prosecuting  his  medical  studies.  From 
his  anatomical  instructor  here,  the  celebrated  Fabricius,  he 
learned  the  lately-discovered  fact  of  the  nature  and  structure  of 
the  valves  found  in  the  veins ; he  also  possessed  himself  of  the 
observations  of  Servetus  and  Csesalpinus,  respecting  the  passage 
of  the  blood  from  the  right  side  of  the  heart  to  the  left  through 
the  lungs,  and  also  of  the  effects  of  ligatures  applied  to  the  veins 
in  living  animals,  causing  them  to  swell  on  the  side  remote  from 
the  heart.  Carefully  reflecting  on  the  knowledge  thus  acquired, 
enlarging  it  by  accurate  dissection  and  repeated  experiment,  he 
at  length  arrived  at  the  clear  and  perfect  demonstration  of  the 
double  circulation  of  the  blood,  which  he  taught  in  lectures  as 
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early  as  1619;  and  of  which  he  published  his  beautiful  and  phi- 
losophic  proofs  in  the  work  entitled  Ex ercitalio  Anatomica  de 
AToiu  Cordis  et  Sanguinis  in  Animalibus,  Frankfort,  1628. 
It  was  not  to  have  been  expected  that  the  prejudices  of  centuries 
would  be  tamely  surrendered  to  truth  ever  so  fairly  propounded. 
Accordingly  Harvey  soon  found  that  he  had  excited  against 
himself  a host  of  opponents,  who,  according  to  the  most  ap- 
proved method  in  such  cases,  first  denied  the  truth  of  his  asser- 
tions, and  when  these  were  proved  by  incontrovertible  experi- 
ments, then  turned  round  and  declared,  that  all  this  was  to  be 
found  in  Hippocrates,  Plato,  and  Aristotle,  that  they  had  been 
long  acquainted  with  it ; and  in  short,  that,  like  the  Bourgeois 
gentilhomme,  * they  had  been  speaking  prose  forty  years  without 
knowing  it.’ 

One  of  the  first  to  enter  the  lists  against  him,  was  Dr.  Prim- 
rose, and  perhaps,  it  may  be  entertaining  to  adduce  from  his 
tract,  published  in  1630,  one  of  those  arguments  by  which 
Harvey  was  attempted  to  be  refuted.  For  Harvey’s  theory,  it 
was  necessary  that  all  the  blood  in  the  body  should  pass  through 
the  heart  and  arteries,  and  he,  by  a very  ingenious  calculation, 
showed  that  they  were  fully  competent  to  the  office.  He  fur- 
ther showed  that  they  were  constantly  full,  by  the  simple  expe- 
riment of  opening  one  in  the  living  body.  To  this  Primrose 
replies,  that  the  arteries  did  not  really  contain  blood  enough  to 
carry  on  the  circulation ; that  the  reason  why  they  appeared  to 
do  so  might  be  explained  by  reference  to  a well-known  fact. 
* A little  milk  put  down  in  a large  vessel  will,  by  the  heat  of  the 
fire,  entirely  fill  it,  or  even  boil  over.  In  the  same  manner,  a 
very  little  blood  fills  the  heart,  and  arteries,  because  it  boils  and 
sioells  up  ! ’ 

Harvey  had  the  good  fortune  to  outlive  the  silly  opposition 
to  his  arguments,  and  to  see  his  doctrines  embraced  by  all  en- 
lightened and  liberal  persons.  His  investigations  were  not  con- 
fined to  the  human  body,  but  extended  to  several  of  the  inferior 
animals,  for  which  he  gained  the  ridicule  of  his  contemporaries, 
who  considered  such  subjects  as  beneath  the  notice  of  a philo- 
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soplier;  but  they  led  him  to  a refutation  of  the  theory  of 
‘ Equivocal  Generation,’  so  favourable  to  the  views  of  the  atheist, 
and  enabled  him  to  establish  the  important  fact,  that  every  living 
being  had  its  origin  from  some  antecedent  living  being  by  means 
of  an  ovum  or  germ,  or  to  give  his  own  brief  and  comprehensive 
form  of  expression,  ‘ Omnia  ex  ovo.’ 

We  shall  speak  more  briefly  of  the  other  two  discoveries,  as 
being  less  interesting  to  the  general  reader.  It  will  be  remem- 
bered, that  we  stated  Heropkilus  to  have  observed  the  lacteal 
vessels.  As  he  did  not,  however,  explain  their  uses,  the  recollec- 
tion of  then  existence  soon  passed  away.  Asellius,  in  opening  a 
living  dog  for  the  purpose  of  noting  the  movements  of  the 
diaphragm,  observed  several  white  filaments  running  on  the 
mesentery.  These,  at  first,  he  mistook  for  nerves,  but  having 
punctured  one  of  them,  he  found  it  to  exude  a white  milky  fluid. 
At  this  sight,  he  says,  he  could  scarce  restrain  his  joy,  and 
turning  to  some  noblemen  who  were  present  at  his  demonstra- 
tion, he  called  on  them  to  witness  his  triumph.  He  did  not 
stop  here,  but  by  many  experiments  and  observations,  showed 
their  true  use  to  be  the  taking  up  the  nutritious  matter  of  the  food 
after  digestion,  and  conveying  it  into  the  circulation.  He  failed, 
however,  to  trace  these  vessels  to  their  ultimate  termination,  a 
task  which  was  performed  almost  at  the  same  .time  by  Rudbeck, 
Bartholin,  and  J olyfl'e.  They  discovered  vessels  similar  to  those 
of  Asellius  in  all  parts  of  the  body,  to  which  they  gave  the 
term  lymphatics,  from  the  clear  nature  of  the  fluid  they  carried. 
They  also  discovered  the  grand  trunk  of  the  whole  system,  to 
which  Pecquet,  who  had  also  observed  it,  gave  the  name  of 
thoracic  duct,  and  they  traced  it  to  where,  emptying  itself  into 
the  subclavian  vein,  it  joins  the  general  circulatory  system. 

Tins  century  boasts  also  of  Malpighi,  whose  researches  into 
the  intimate  structure  of  organs,  have  opened  the  way  to  impor- 
tant results ; and  of  Ruysch,  who  first  invented  the  mode  of 
injecting  vessels  with  a substance  (such  as  wax)  which  on  cooling, 
should  become  solid,  and  thus  enable  him,  after  removing  the 
surrounding  parts  by  the  knife,  or  by  corrosive  applications,  to 
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obtain  an  exact  cast  of  the  minutest  parts  of  the  vascular 
system. 

Towards  the  close  of  this,  and  commencement  of  the  follow- 
ing century,  flourished  Herman  Boerhaave.  His 
t6  qA  i 1,0  character  (such  as  it  is)  must  depend  rather  on 
1 his  medical  skill  than  on  anything  he  did  for 
Physiology.  He  had  more  learning  than  knowledge,  more  elo- 
quence than  judgment;  his  clerical  education  (he  was  originally 
destined  for  the  church,)  inclined  him  rather  to  metaphysical 
inquiries,  than  to  the  observation  of  facts:  he  was  a commentator, 
not  a discoverer,  an  ingenious  reasoner  rather  than  an  original 
thinker.  Following  in  the  train  of  Bellini  and  Borelli,  he  may 
be  said  to  have  brought  the  mechanical  school  of  physiology  to 
its  height.  In  their  hands,  the  body  became  nothing  more  than 
a hydraulic  machine,  in  which  all  the  functions  of  life  were 
carried  on  by  mechanical  movements,  subject  to  the  same  laws 
as  inert  matter,  and  equally  susceptible  of  mathematical  demon- 
stration. Of  the  certainty  which  might  thus  be  arrived  at,  we 
shall  give  one  example.  Borelli  and  Keill  separately  calculated 
the  force  of  the  heart’s  action  on  the  blood,  when,  after  the  same 
show  of  formula:  and  diagrams,  the  former  concluded  it  to  be 
180,000  pounds,  while  the  latter  reduced  it  to  the  moderate  sum 
of  eight  ounces ! 

Of  Hoffmann  and  Stahl,  we  shall  say  nothing 
further  than,  that  having  framed  theories,  they  showed 
sufficient  tact  in  twisting  facts  so  as  to  support  them. 
They  seem  to  have  adopted  the  poet’s  idea, 

Res  adjungere  mild,  haud  me  rebus. 


A.  D. 

1718. 


But  people  were  now  getting  tired  of  hypotheses  that  supposed 
everything  and  proved  nothing ; that  might  have  upturned  the 
world,  had  they  a single  point  whereon  to  rest.  Lord  Bacon 
had  some  time  before  shown  the  true  method  to  be  pursued  in 
acquiring  knowledge,  and  the  application  of  his  mode  to  Phy- 
siology forms  the  most  important  epoch  in  the  history  of  that 
science,  and  quickly  conducted  to  the  most  beautiful  and  exten- 
sive Jesuits. 
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A.  D. 

1708. 


The  man  by  whom  the  application  was  made,  was  Haller. 
From  his  earliest  childhood,  he  had  shown  marks  of 
decided  genius.  To  the  fervid  imagination  of  a poet, 
he  added  the  solid  judgment  of  a philosopher.  From 
the  one  he  derived  an  enthusiasm  which  was  neither  to  be  re- 
pelled by  difficulties,  nor  cooled  by  opposition  ; from  the  other  an 
accuracy  of  investigation  that  penetrated  the  most  skilful 
sophisms,  and  a boldness  of  spirit  that  feared  not  to  expose  error, 
by  whatever  authority  it  was  sanctioned. 

Well  aware  of  the  intricacy  and  importance  of  his  subject,  he 
spent  many  years  of  unremitting  labour,  in  preparing  himself  to 
treat  it  in  the  manner  he  felt  it  deserved.  After  making  himself 
master  of  general  science,  he  proceeded  to  Tubingen,  where  he 
studied  comparative  anatomy  under  Duverney.  From  that,  he 
removed  to  Leyden,  which  at  that  time  (1725,)  counted  amongst 
its  professors  Albinus  and  Boerhaave 

Having  spent  two  years  here,  and  displayed  very  accurate 
anatomical  knowledge  in  a thesis,  which  he  published,  he  went 
to  England,  where  he  made  himself  acquainted  with  the  views  of 
Cheselden,  Sir  Hans  Sloane,  and  Douglas,  then  our  most  cele- 
brated professors.  He  then  proceeded  to  Paris,  where  he  studied 
anatomy  under  Le  Dran,  famous  for  his  surgical  skill;  and  after- 
wards to  Basil,  where,  under  Bemouilli,  he  completed  his  mathe- 
matical knowledge,  keeping  up,  at  the  same  time,  his  habits  of 


dissecting. 

In  1734,  we  find  him  lecturing  on  anatomy  at  Berne,  his 
native  town;  the  year  following,  intrusted  with  the  hospital  and 
public  library;  and  in  173d,  George  the  Second,  being  anxious 
to  establish  a character  for  his  new  university  at  Gottingen,  offered 
Haller  the  chair  of  medicine  and  anatomy,  which  he  accepted, 
and  read  his  inaugural  dissertation  in  September  of  the  same 
year.  From  this  his  fame  daily  increased,  and  with  it  his  endea- 
vours to  merit  it.  Not  confining  himself  to  the  mere  duties  of 
his  situation,  he  extended  his  laborious  researches  to  every  object 
worthy  the  attention  of  the  physician  or  the  philosopher.  He. 
tells  us  himself,  in  the  preface  to  his  Elements  of  Physiology, 
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that  he  had  dissected  three  hundred  and  fifty  human  bodies,  and 
a still  greater  number  of  inferior  animals,  many  of  them  alive. 
He  had  repeated  all  the  experiments  of  those  who  went  before 
him,  and  instituted  many  new  ones  of  his  own.  He  had  engaged 
his  pupils,  several  of  whom,  such  as  Zinn,  Meckel,  Zimmerman, 
&c.,  afterwards  attained  the  highest  celebrity,  to  undertake  each 
the  examination  of  some  difficult  anatomical  or  physiological 
question  which  he  proposed  to  them,  and  the  results  of  which  he 
himself  overlooked.  He  examined  the  motions  of  the  heart  and 
lungs  in  living  animals,  explored  the  course  of  the  blood  in  the 
transparent  vessels  of  cold-blooded  animals,  described  the  forma- 
tion and  growth  of  hone,  explained  the  difference  between 
irritability  and  sensibility,  the  former  of  which  he  attributed  to 
muscles,  the  latter  to  nerves,  and  made  a series  of  masterly  and 
accurate  observations,  on  the  chick  in  ovo,  from  the  time  of  its 
appearance  as  a red  pulsating  speck,  until,  complete  and  finished 
in  all  its  parts,  it  breaks  the  shell  and  issues  forth  to  ‘ life  and 
light.’  After  twenty  years  spent  in  such  pursuits  he  ventured 
to  commence  his  long-projected  work  yet ; with  all  the  modesty  of 
true  genius,  he  declares  his  feeling  that  his  preparations  were  not 
yet  sufficient.  The  world,  however,  decided  otherwise.  Struck 
with  the  beauty  and  order  that  pervaded  every  part  of  the  work, 
with  the  accuracy  of  his  experiments,  the  force  of  his  arguments, 
the  candour  with  which  he  attributed  all  due  honour  to  other 
writers,  and  the  modesty  with  which  he  proposed  his  own 
opinions,  they  declared  the  Elements  of  Physiology  to  be  as 
proud  a monument  as  was  ever  erected  by  genius  to  science,  and 
conferred  on  its  author  the  title  which  he  still  so  justly  bears, 
‘ The  Modern  Father  of  Physiology.’ 

It  is  gratifying  to  know  that  Haller  was  as  estimable  in 
private,  as  venerable  in  public.  In  his  youth,  he  had  been  drawn 
away  by  the  specious  plausibilities  of  the  French  Encyclopedists 
to  express  some  doubts  of  the  truth  of  Christianity : but  His  was 
not  a mind  that  could  rest  satisfied  with  doubt.  He  set  himself 
to  a deliberate  and  careful  investigation  of  the  arguments  on 
each  side,  and  the  result  was,  as  it  ever  will  be,  when  the  ex- 
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animation  is  made  with  a candid,  simple,  and  unprejudiced  mind, 
;a  thorough  conviction  of  the  truth  of  our  religion,  and  of  the 
miseries  and  evils  which,  even  in  a temporal  state,  would  attend 
i on  a general  profession  of  infidelity.  There  can  scarcely  he  a 
more  splendid  object  of  contemplation  than  the  mind  of  this  great 
and  good  man,  gradually  freeing  itself  from  the  chilling  mists  of 
scepticism,  and  the  clouds  of  false  philosophy,  to  attain  the 
glorious  light  of  a full  and  perfect  faith.  Such  a spectacle  are 
we  presented  with  in  his  Letters,  his  Brief  Demonstration  of 
the  Truth  of  Christianity , his  preface  to  Formey’s  Dxamen  du 
Pyrrhonisme,  and  hi  several  passages  scattered  through  his 
numerous  works.  But  both  our  confined  limits  and  the  nature 
of  our  undertaking  prevent  us  pursuing  this  subject  further  at 
present. 

Before  Haller’s  days  Physiology  was  little  more  than  a 
collection  of  isolated  facts.  He  first  gave  it  ‘ a local  habitation 
and  a name.’  He  traced  the  grand  outline  of  a science  which 
it  has  been  the  office  of  subsequent  labourers  to  embellish  and 
fill  in. 

Here  then  we  shall  terminate  our  Historical  Introduction. 
To  proceed  further  would  be  to  enumerate  names,  John  Hunter, 
Bichat,  Cuvier,  Blumenbach,  Magendie,  &c.,  already  familiar  to 
every  ear,  or  to  give  a summary  of  then-  discoveries  which  must 
be  found  more  at  length  in  the  body  of  the  work. 


Ciiaptee  II. 

LIFE  AND  ORGANIZATION. 

TO  investigate  the  laws  of  animated  nature;  to  trace  the  plant 
from  the  seed,  or  the  animal  from  the  ovum;  to  observe 
them  developing  the  qualities,  or  performing  the  duties,  to  which 
they  have  been  destined  by  an  all-wise  Creator;  to  inquire 
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into  tlie  beautiful  structure  and  arrangement  of  organs  by  which 
they  are  enabled  to  ‘ live  and  have  their  being ; ’ to  notice  their 
rise,  progress,  and  gradual  decay,  from  the  time  that,  radiant 
with  youth  and  beauty,  they  spring  up  to  life  and  the  light  ol 
day,  until,  exhausted  and  worn  out,  their  appointed  time  being 
come,  they  again  return  to  the  earth  ‘whence  they  were  taken 
— such  are  the  interesting,  the  all-absorbing  objects  of  a science 
that  has  hitherto  been  considered  too  dull  and  abstract  to  engage 
the  attention  of  general  readers,  too  theoretical  and  inconclusive 
to  extend  beyond  the  schools  of  medical  philosophy. 

That  in  pursuit  of  physiological  knowledge  there  are  many 
difficulties  to  be  overcome,  it  is  not  attempted  to  deny.  ‘ The 
gods,’  says  the  old  poet,  ‘ have  placed  labour  and  toil  in  the  way 
leading  to  the  Elysian  fields.’  But  many  of  those  difficulties 
arose  from  the  subject  being  enveloped  in  technical  language  and 
interspersed  with  technical  details  interesting  only  to  the  pro- 
fession for  whom  works  on  this  subject  have  hitherto  been  com- 
posed. The  habit,  too,  of  presupposing  a knowledge  of  anatomy, 
which  general  readers  cannot  be  expected  to  possess,  has  increased 
the  obstacles  that  lay  in  the  way  of  this  ‘ proper  study  of 
mankind.’ 

In  the  present  little  work  an  attempt  will  be  made  to  obviate 
some  of  these  difficulties.  The  prominent  facts  of  the  science 
will  be  stated,  as  far  as  is  practicable,  in  familiar  language. 
Anatomy  will  be  introduced  to  the  extent  necessary  for  under- 
standing the  physiological  matters  under  consideration,  and 
wood-cuts  will  be  occasionally  resorted  to  when  found  to  be  the 
most  efficient  modes  of  explanation. 

When  we  turn  our  eyes  abroad,  and  contemplate  the  ever- 
varying  scenes  by  which  we  are  surrounded,  the  endless  diver- 
sity of  bodies,  each  filling  its  appropriate  part  in  existence,  and 
each  seeming  to  obey  the  laws  impressed  on  it  by  some  master- 
mind; we  observe  that  certain  of  them  are  withdrawn,  as  it 
were,  from  the  more  general  laws  to  which  matter  is  subject, 
and  endowed  for  a time  with  a peculiar  power,  in  consequence  |j: 
of  which  they  become  furnished  with  a new  and  peculiar  set  II 
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l:  < of  properties.  These  bodies  are  living  bodies;  this  power  is 
iir  ] lii'e.  Living  bodies  are  usually  divided  into  the  animal  and 
at  -vegetable  kingdoms.  It  may  seem  at  first  sufficiently  easy  to 
of  : mark  the  distinction  between  an  animal  and  a plant,  and  as 
* ] long  as  we  confine  our  views  to  the  higher  order  of  animated 
I beings  there  is  no  room  for  doubt.  But  when  we  descend  in 
> *the  scale  to  the  radiated  animals,  which  present  a nervous 
i system  but  partially  developed  in  some  cases,  and  invisible  in 
i others,  no  organs  of  sensation,  no  observable  mode  of  connexion 
with  the  external  world,  it  then  becomes  necessary  to  inquire 
more  accurately  into  the  peculiar  points  which  should  decide 
us  to  arrange  them  under  the  one  class  or  the  other.  Perhaps 
the  most  certain  of  these  is  the  presence  of  a digestive  organ. 
' This,  in  its  simplest  state  of  a bag,  with  hut  one  orifice,  into 
v which  the  food  is  conveyed,  and  from  which  the  excrementi- 
1 tious  matter  is  rejected,  is  usually  found  to  exist  even  in  the 
: simplest  state  of  animal  life.  Prom  this  hag  arise  small  pores 
i or  vessels,  through  which  the  nutriment  passes  for  the  support 
of  the  body,  while  in  plants  this  office  is  performed  by  roots 
communicating  directly  with  the  ground;  and  it  will  be  ob- 
i served,  this  variety  of  apparatus  is  a necessary  part  of  the- 
design  which  conferred  the  power  of  motion  on  the  former,. 
; and  which  denied  it  to  the  latter.  Cuvier  mentions  three  other 
marks  of  distinction  which,  however,  are  by  no  means  so 
general.  They  are,  the  presence  of  nitrogen  as  one  of  the 
chemical  components  of  all  animal  bodies,  the  existence  of  a 
circulation  and  respiration.  Nitrogen  does  exist  in  all  animal 
bodies;  but  many  vegetables,  the  extensive  classes  of  fungi  and 
cruciformia,  also  contain  it,  and  in  cafein,  a principle  extracted 
from  coffee,  there  is  actually  a greater  quantity  of  it  than  in 
most  animal  substances.  Circulation  is  not  found  to  exist  in 
the  lowest  class  of  animals,  but  some  animalcules  have  simple 
vessels ; insects  have  the  dorsal  vessel,  and  crabs  have  a distinct 
one-celled  heart ; so  that,  from  the  presence  of  the  organs,  we 
may  infer  the  existence  of  the  function  of  circulation.  As  for 
respiration,  the  leaves  of  plants  so  exactly  resemble  in  their 
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action  the  lungs  of  animals,  in  taking  from  the  air  those  parts 
that  are  useful,  and  returning  to  it  such  as  are  unnecessary  or 
injurious,  that  they  are  now  familiarly  spoken  of  by  vegetable 
physiologists  as  respiratory  organs. 

What  life  is,  we  know  not ; what  life  does,  we  know  welL 
Life  counteracts  the  laws  of  gravity.  If  the  fluids  of  our  bodies 
followed  the  natural  tendency  of  fluids,  they  would  descend  to 
our  feet  when  we  stood,  or  to  our  backs  when  we  lay.  The 
cause  why  they  do  not  may  be  referred  immediately  to  the  action 
of  the  heart  and  vessels ; but  it  is  evident  that  they  derive  that 
power  from  life. 

Life  resists  the  effects  of  mechanical  powers.  Friction,  which 
will  thin  and  wear  away  a dead  body,  actually  is  the  cause  of 
thickening  a living.  The  skin  on  the  labourer’s  hand  is  thick- 
ened and  hardened  to  save  it  from  the  effects  of  constant  con- 
tact with  rough  and  hard  substances.  The  feet  of  the  African, 
who,  -without  any  defence,  walks  over  the  burning  sands,  exhibit 
always  a thickened  covering,  which  acts  as  a bad  conductor 
of  heat,  deposited  between  them  and  the  sentient  extremities 
of  the  nerves.  Pressure,  which  thins  inorganic  matter,  thickens 
living  matter.  A tight  shoe  produces  a corn,  which  is  nothing 
more  than  thickened  cuticle.  The  same  muscle  that  with 
ease  raised  a hundred  pounds  when  alive,  is  torn  through  by  ten 
when  dead. 

Life  modifies  chemical  agency.  The  bod}-,  when  left  to 
itself,  soon  begins  to  putrefy;  the  several  parts  of  which  it  is 
composed,  no  longer  under  the  influence  of  a higher  controlling 
power,  yield  to  their  chemical  affinities ; new  combinations  are 
formed,  ammoniacal,  sulphuretted,  carburetted,  and  other  gases 
are  given  off,  and  nothing  remains  but  ‘ a little  dust  and  ashes.’ 
This  never  happens  during  life. 

Life  modifies  the  power  of  heat.  Beneath  a tropical  sun,  or 
within  the  arctic  circle,  the  temperature  of  the  human  body  is 
found  unaltered  when  examined  by  the  thermometer.  Doctor 
Fordyce,  Sir  Charles  Blagden,  and  others,  exposed  themselves 
to  air  heated  above  the  point  at  which  water  boils,  yet  a ther- 
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mometer  inserted  under  the  tongue  stood  about  its  usual  height 
of  98°  to  ioo°;  and  the  sailors,  who,  under  Captain  Parry, 
wintered  so  near  the  North  Pole,  when  examined  in  the  same 
way,  constantly  afforded  the  same  results. 

Finally,  life  is  the  cause  of  the  constant  changes  that  are 
going  for  ward  in  our  bodies.  From  the  moment  that  our  being 
commences,  none  of  the  materials  of  which  we  are  composed 
continue  stationary.  Foreign  matters  are  taken  in  from  with- 
out, and,  by  the  action  of  what  are  termed  the  assimilating 
functions  (to  be  explained  hereafter),  become  part  of  our  com- 
position ; while,  on  the  other  hand,  the  materials  of  which  our 
frame  had  been  built  up,  being  now  old,  and  unfit  any  longer 
for  the  performance  of  the  necessary  duties,  are  dissolved,  as  it 
were,  into  a liquid  or  gaseous  form,  conveyed  by  the  vessels 
from  the  place  which  the  new  matter  comes  to  occupy,  and 
finally  expelled  from  the  system  by  the  outlets  provided  for 
this  purpose.  In  this  point  of  view,  then,  it  is  life  which 
gives  unity  to  the  several  successive  combinations  of  matter  that 
appear  under  the  same  general  form;  and  from  the  constancy 
of  this  form  results  the  certainty  of  our  divisions  of  animals 
into  species.  The  utility  of  such  an  easy  mode  of  recognition 
must  be  obvious.  Had  the  arrangement  been  otherwise,  and 
the  general  forms  been  made  subject  to  change,  we  should  have 
had  no  means  of  distinguishing,  at  a distant  view,  noxious 
animals  from  such  as  are  useful  to  our  comforts  or  our  luxuries : 
the  wolf  might  have  dwelt  amongst  our  flocks,  for  the  eye  of  the 
shepherd  would  then  have  failed  to  detect  him. 

But  the  very  existence  of  this  constant  addition  of  new 
particles,  this  constant  internal  motion  in  our  textures,  leads  to 
the  ultimate  destruction  of  that  life  of  which  it  is  a present 
result.  In  childhood  the  whole  supply  is  necessary  for  main- 
taining our  growth  and  development.  The  season,  however, 
for  this,  is  soon  past.  At  birth,  the  child  usually  possesses 
more  than  one-fourth  of  the  height  to  which  it  will  attain; 
one-half  is  gained  when  it  is  two  years  and  a half  old ; three- 
fourths  between  ten  and  twelve ; while  its  full  stature  is  com- 
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pleted  generally  at  the  age  of  eighteen  or  twenty.  For  a tim<4' 
the  wild  restlessness  and  unceasing  exertions  of  youth  work 
off  the  additional  quantities  of  nutritive  matter  supplied  by 
vigorous  powers  of  digestion.  But  the  youth  becomes  a man 
The  serious  business  of  the  world  commences.  His  careless 
recklessness,  his  wild  exuberance  of  spirits,  which  evinced 
themselves  in  constant  exertion,  are  now  sobered  down.  He 
becomes  more  sedate,  his  actions  less  violent.  The  particles 
which  are  now  added'to  his  frame  begin  to  increase  it  in  bulk. 
His  muscles  acquire  additional  weight,  his  bones  increased 
solidity,  and  fat  commences  to  accumulate  in  the  cellular  tex- 
ture. He  is,  however,  still  powerful  and  vigorous,  he  is,  in 
fact,  in  the  pride  of  manhood ; when  the  perfect  body  is  governed 
by  a matured  intellect,  and  the  consciousness  of  power  is  mode- 
rated by  the  calculations  of  wisdom. 

The  change  still  continues.  The  fibres  of  the  body  become 
more  and  more  rigid;  there  is  no  longer  the  easy  pliancy 
of  limb,  the  flexibility,  the  grace,  the  facility  of  motion.  If 
matter  continues  to  be  added  now,  it  is  laid  down  in  the  form  of 
fat,  which  seems  the  least  animalized  and  easiest  secreted  of  the 
principles  of  our  bodies.  It  collects  chiefly  on  the  face,  hands, 
breasts,  and  in  the  abdominal  cavity.  We  then  have 


: 


The  justice 

In  fair  round  belly  with  good  capon  lined. 

But  perhaps  the  digestion  begins  to  fail  while  absorption  j 
still  continues  its  progress.  The  materials  are  carried  off  taster  ; 
than  renewed.  The  system  makes  a last  struggle  against  this  • 

preponderance;  the  fat  which  had  been  previously  deposited  j 

is  called  in  to  assist  in  the  general  nutrition.  This  supply  is  j 

quickly  exhausted.  The  vessels  no  longer  yield  to  the  fluid  ■ 

which  distends  them;  its  course  is  obstructed,  the  circulation  ■ 

grows  slower,  with  it  the  animal  heat  is  diminished.  The  , 

nervous  system  partakes  in  the  general  decay,  its  functions  become 
impaired,  its  delicacy  in  receiving  impressions  diminished.  The 
ear  becomes  hard  of  hearing;  the  eye  is  dimmed;  the  tongue 
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ae  Las  lost  its  taste.  The  flame  of  life  bums  more  and  more 
i teebly,  till  at  length  the  worn-out  frame  ‘ Sinks  to  the  grave 
Dj  with  unperceived  decay,’  and  gently  yields  its  spirit  to  the 
Thus  the  physiologist  confirms  the  poet’s 


; maxim, — 


God  that  gave  it. 


omnes  una  manet  nox, 

Et  caleanda  semel  Tia  lethi. 


• and  evinces  the  necessity  of  what  holy  writ  declares,  ‘ It  is 
'•  ordained  unto  all — once  to  die.’ 

The  simplest  form  in  which  we  see  life  displaying  itself,  is 
that  of  minute  closed  bags  or  cells,  as  they  are  termed,  con- 
3 eisting  of  a clear  transparent  wall  or  membrane  with  varied 

• contents ; these  not  only  form  the  starting  point  of  every  animal 
" and  vegetable,  but  also,  either  continuing  as  cells  or  transformed 

into  various  tissues,  make  up  the  body  of  the  entire  being,  and 
' in  the  simplest  animal  and  vegetable  formations  (unicellular 
! animals  and  plants)  even  enjoy  a separate  and  independent 
1 existence.  Yet  even  this  structure,  simple  as  it  is,  cannot  be 
; framed  or  imitated  by  the  most  ingenious  earthly  mechanic. 

• His  power  is  confined  to  inorganic  matter.  The  chemist  can 
i n-esolve  green  vitriol  into  its  component  parts,  sulphuric  acid 

and  oxide  of  iron ; he  can  put  those  parts  together  again,  and 
make  the  vitriol  as  perfect  as  before,  but  an  organic  body  is 
"beyond  his  power.  He  can  resolve  it,  indeed,  into  its  solid 
and  fluid  constituents;  he  can  still  further  show  these  to  be 
■ made  up  of  what  he  calls  elementary  principles,  such  as  oxygen, 
hydrogen,  nitrogen,  and  carbon;  but  no  exertion  of  human 
i intellect  has  yet  been  able  to  put  them  together  again,  and 
imake  from  them  an  organized  body.  ‘We  never,’  says  Cuvier, 

* see  matter  either  organizing  itself,  or  organized  by  any  ex- 
! temal  cause.’  Chevreul,  indeed,  made  what  he  calls  a sort 
of  oil,  by  the  action  of  sulphuric  acid  on  cast-iron ; and  Berard 
made  something  analogous  to  fat  by  passing  a mixture  of 

• carbonic  acid,  pure  hydrogen,  and  carburetted  hydrogen,  in  the 
proportion  of  one  measure  of  the  first,  twenty  of  the  second. 
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and  ten  of  the  third,  through  a red-hot  tube;  but  no  person 
will  consider  such  very  loose  analogies  as  any  reply  to  the 
general  principles  we  have  advanced. 

[Wohler  and  Liebig  have  produced  urea  in  the  laboratory'; 
allantoin,  another  animal  principle,  has  also  been  formed  by  arti- 
ficial means;  a fluid  analogous  to  the  gastric  juice  was  obtained 
by  Eberle,  in  1834,  and  there  are  a few  more  similar  facts  on 
record.  There  are  some  who  recognise  in  these  results  the  first! 
facts  of  a science  that  will  teach  men  to  produce  at  will,  from  j 
inorganic  elements,  the  organic  products  of  animal  as  well  as  of  I 
vegetable  life  ; and  who  not  only  identify  these  artificial  products  J 
with  analogous  principles  elaborated  in  living  beings,  but 
generalize  the  operations  whereby  both  are  produced:  but  the 
greatest  philosophers  are  less  sanguine  of  the  first,  and  more 
humble  in  the  last ; they  cannot  regard  the  same  otherwise  than 
as  isolated,  though  successful,  imitations  of  the  most  simple  of 
the  physical  products  of  life ; they  are  anxious  to  disclaim  the 
presumption  that  the  powers  of  the  chemist  are  in  any  way  allied 
to  vital  agencies.] 

Life  is  constantly  found  combined  with  organization.  Hence 
an  attempt  has  been  made  to  deduce  the  conclusion  that  it  is  the 
result  of  organization.  Now,  as  far  as  the  fact  of  co-existence 
goes,  it  would  equally  prove  that  organization  was  the  result  of 
life ; but  an  experiment,  first  carefully  made  by  Eeaumur,  and 
since  often  repeated  with  uniform  success,  rvill  teach  us  which 
conclusion  to  adopt.  Take  one  of  the  Crustacea,  for  instance,  a 
fresh-water  crab.  Break  off  one  of  its  claws  at  the  joint,  and 
preserve  the  animal  where  you  may  observe  the  process  of  repa- 
ration that  ensues.  An  exudation  of  a shapeless  mass  of  matter 
first  takes  place  from  the  end  of  the  stump : by  degrees  it 
becomes  hard  on  the  surface,  and  something  like  a nail  appears 
at  its  extremity.  At  each  period  of  moulting,  this  limb  grows 
in  a greater  degree  than  any  of  the  rest,  becoming  at  the  same 
time  more  of  a natural  shape  and  structure,  until,  after  a given 
number  of  moultings,  it  becomes  a perfect  claw : perfect  in 
organization  and  functions,  with  shell  for  protection,  nerves  and 
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- muscles  for  motion,  and  vessels  for  nutrition.  The  same  process 
-■  we  see  going  forward,  in  a lesser  degree,  in  our  own  bodies, 
whenever  it  is  necessary  to  repair  a wound,  or  fill  up  a breach 
•7 ; in  the  continuity  of  sin-face ; and  it  is  well  known  to  surgeons 
what  a beautiful  provision  is  made  for  the  carrying  away  diseased 
bone,  and  reproducing  healthy,  in  the  affection  called  Necrosis. 
* Now,  as  the  cause  must  exist  before  the  effect,  and  as  in  all  these 
•S  cases  we  see  that  the  life  existed  previously  to  the  new  structure 
a which  is  springing  up  before  our  eyes,  it  follows  that  life  is  the 
® formative  principle,  and  ox-ganization  the  result. 

To  follow  up  this  argument  a little  further.  Life,  as  we 
! have  shown,  is  the  cause  of  organization.  But  the  most  accu- 

■ rate  observations  of  Natural  Philosophers  have  never  been  able 
a to  show  life  oi-iginating  spontaneously  ; nor  can  it  he  the  resxdt 

- of  chemical  or  mechanical  causes,  for  it  exerts  influences  directly 
opposed  to  their  laws : we  all  have  i-eceived  our  life  from  living 

- beings  of  whose  bodies  we  once  formed  part,  in  the  shape  of  ova, 

i germs,  &c. ; our  forefathers,  in  like  manner,  received  it  from  the 

generation  before  them  : coupling,  then,  these  facts  with  the  well 
e known  increase  of  the  population  of  the  world,  evinced  by  all 
( accurate  statistic  accounts,  and  its  consequent  decrease,  as  we 

■ trace  it  backwards,  we  are  led  directly  to  the  doctrine  of  a 

[’  common  ancestor,  who  must  have  derived  his  life  from  the 

Creator. 

We  have  obseiwed  above,  that  oi-ganization,  even  in  its 
rudest  form,  requires  a structure  composed  of  solids  and  liquids. 
In  the  instance  there  given,  they  are  both  exti-emely  simple; 
the  solid  part  appearing  nothing  more  than  a loose  cellular 
structure,  and  the  liquid  water  holding  in  solution  albumen  and 
a few  salts.  This  albumen  is  invariably  found  in  the  nutritive 
fluid  of  animals  of  all  orders.  It  is  therefore  looked  on  as  the 
nutritive  principle,  that  of  which  the  several  parts  of  the  body 
are  formed.  It  exists  in  the  body  in  two  states ; first,  liquid,  in 
which  state  it  is  one  of  the  constituents  of  the  blood ; and 
secondly,  solid,  as  found  in  cellular  membrane,  skin,  glands,  &c. 
Liquid  albumen  is  best  procured  from  the  white  of  eggs,  which 
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consists  almost  wholly  of  this  principle  dissolved  in  water  with 
a little  soda  and  salts ; in  fact,  exactly  resembling  the  fluid  found 
in  the  medusa,  and  serving  to  the  same  purpose,  the  growth  of1.  ' 
the  animal  to  which  it  belongs,  and  which,  in  this  case,  is  the 
chick  contained  in  the  egg.  Liquid  albumen  is  coagulated  or 
rendered  solid  by  various  causes.  In  the  egg,  exposure  to  heat 
produces  this  effect;  and  it  then  appears  a white,  solid,  opaque 
body.  On  this  property  is  founded  the  method  of  clarifying  by 
means  of  albuminous  solutions.  For  instance,  when  you  add  the 
white  of  an  egg  to  boiling  coffee,  the  albumen,  being  coagulated 
by  the  heat,  entangles  in  its  substance  all  the  particles  which 
are  floating  about  undissolved,  and  carries  them  with  it  to  the 
surface  of  the  liquid. 

Mineral  acids  affect  albumen  in  the  same  way  as  heat,  but 
when  once  coagulated  by  these  means,  it  is  no  longer  capable  of 


resuming  the  liquid  form.  If,  however,  you  expose  it  in  thin 


layers  to  a current  of  ah-,  it  dries,  and  becomes  a solid  and  trans- 
parent substance,  which  retains  its  solubility  in  water ; in  short, 
in  external  characters  it  closely  resembles  that  simplest  of  animal 
solids,  which  we  have  already  named  cellular  membrane,  and  of 
which  chemistry  shows  it  to  be  the  principal  component  part. 
We  may  thus  observe,  at  the  commencement,  as  it  were,  of  ani- 
mated nature,  the  close  and  necessary  connexion  between  the 
solids  and  the  fluids  from  which  they  are  formed.  On  this 
simple  basis  are  all  the  orders  of  animals  built,  the  blood  still 
increasing  in  complexity  of  composition  as  new  organs  are  added, 
or  systems  multiplied. 

We  have  stated  that  the  simplest  elementary  form  of  organi- 
zation was  that  of  closed  cells,  which,  except  in  the  very  lowest 
classes  of  animals,  as  the  protozoa,  became  subsequently  trans- 
formed into  various  tissues ; of  these  we  may  describe  cellular 
membrane  as  the  most  universally  met  with  of  the  solid  parts  of 
animals.  It  presents  itself  in  the  higher  classes  as  a thin,  white, 
sometimes  semi-transparent,  membranous  substance,  continuous 
throughout  the  whole  body,  exhibiting  nowhere  either  com- 
mencement or  termination;  it  is  composed  of  filaments  and 
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lamina  meeting  together  in  all  directions,  so  as  to  enclose  spaces 
of  a great  variety  of  shapes,  which  spaces  communicate  freely 
with  each  other,  so  that  air  or  liquids  will  readily  pass  from  one 
to  the  other.  Of  this  circumstance,  a dishonest  advantage  is 
taken  sometimes  by  butchers,  who,  making  a hole  in  one  of  the 
cells,  which  are  to  he  found  everywhere,  and  introducing  a pipe, 
can  from  it  inflate  all  the  cellular  membrane  of  the  body,  so  as 
for  a time  to  make  it  look  fuller  and  plumper  than  it  really  is. 
In  dropsy  also,  the  infiltration  of  fluid,  when  once  it  has  begun, 
soon  spreads  generally  through  this  structure,  which  usually  is 
found  placed  immediately  beneath  the  skin.  It  is  in  such  cases 
that  the  surface  pits  on  pressure ; the  finger  squeezing  the  water 
out  of  the  cells  immediately  under  it,  and  as  it  only  returns 
slowly,  the  impression  remains  evident  for  some  time.  This 
communication  also  shows  why  dropsical  people  usually  find 
their  feet  and  ankles  most  swollen  towards  night,  the  water 
having  gravitated  during  the  day,  in  consequence  of  their  erect 
position ; and  why,  on  the  contrary,  when  they  attempt  to  lie 
down  at  night,  they  are  so  often  seized  with  difficulty  of 
breathing,  and  obliged  to  start  up  suddenly,  or  have  themselves 
supported  in  the  bed  with  pillows,  as  the  water  is  then  pouring 
back  on  their  chest,  and  impeding  the  action  of  the  lungs  and 
heart. 

The  cellular  membrane  is  to  be  met  with  everywhere.  It 
envelopes  every  organ,  and  enters  into  its  substance;  it  gives 
sheaths  to  the  vessels,  to  each  muscle,  and  to  every  particular 
fibre  of  each  muscle ; it  encloses  the  nervous  matter,  and  fills  up 
all  spaces  in  the  body  not  occupied  by  more  useful  parts.  Its 
properties  are  very  simple;  cohesion,  flexibility,  extensibility, 
and  elasticity.  This  last  is  the  property  of  most  importance, 
and  Is  that  by  means  of  which  we  must  suppose  it  capable  of 
causing  a motion  in  the  fluids  of  the  bodies  of  the  lower  animals, 
where  it  is  the  only  solid.  This  quality  is  carefully  to  be  distin- 
guished from  that  power  of  muscles  termed  contractility,  as  it  is 
produced  by  wholly  different  stimuli  and  maintained  in  a wholly 
different  manner.  It  is  on  this  power,  as  we  shall  have  occasion 
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to  show  hereafter,  that  the  action  of  the  vessels  depends,  and  of 
the  yellow  ligamentous  matter,  which,  in  quadrupeds  with  heavy 
heads,  as  the  cow,  the  horse,  or  the  elephant,  is  so  advan- 
tageously stretched  from  the  spine  to  the  hack  of  the  head,  to 
support  the  immense  weight,  which  would  otherwise  require  a 
constant  and  most  fatiguing  muscular  exertion. 


Head  and  neelc  of  Elephant;  showing  situation  of  this  ligament,  which  is 
termed  the  ligamentum  nucha , and,  by  Paley,  the  pax-tcax. 

Nervous  influence  and  electricity,  which  at  once  produce  con- 
traction of  the  muscles,  are  totally  unable  to  excite  this  power  to 
action.  The  membrane  in  the  living  body  may  he  cut,  or  tom, 
or  pricked,  without  producing  any  pain,  hut  its  elasticity  may 
he  excited  hy  the  contact  of  some  irritating  substances,  but  more 
particularly  by  the  action  of  cold,  insomuch  that  persons  in 
whom  this  structure  abounds,  find  themselves  perceptibly  shrunk 
in  cold  weather,  and  their  clothes  hanging  loosely  about  them. 
This  tendency  is  also  shared  by  the  skin ; and,  in  consequence,  a 
bleeding  from  the  surface,  or  from  the  lining  membrane  of  the 
nose,  which  we  shall  afterwards  show  to  be  nothing  more  than 
an  internal  skin,  is  commonly  stopped  by  the  application  of  cold, 
either  by  means  of  a large  iron  key  put  down  along  the  spine, 
or,  what  is  better,  a handful  of  salt  slowly  stirred  round  in  water 
until  dissolved,  as  by  this  means  a marked  reduction  of  tem- 
perature is  produced.  Another  advantage  of  the  elastic  qualities 
of  this  substance  is  taken  in  the  construction  of  the  elephant’s 
foot. 
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The  elephant  walks  on  the  points  of  its  toes,  and  to  prevent 
them  from  bending  under  its  enormous  weight,  a cushion  of  this 
cellular  membrane,  fine,  close  and  elastic,  containing  in  its 
interstices  a solid  granular  fat,  occupies  all  the  hollow  paid  of 
the  foot,  and  forms  in  a great  measure  the  support  on  which  it 
rests.  Any  person  will  readily  comprehend  this  mechanism, 
who  just  half  bends  his  fingers,  and  places  them  with  their  points 
against  a table,  and  observes  how  useful  an  elastic  cushion  under 
the  palm  would  be,  in  enabling  him  to  support  a weight  placed 
on  the  back  of  the  hand.  A similar  contrivance  is  found  in  the 
foot  of  the  tiger  and  the  common  cat,  placed  both  in  the  centre 
and  under  each  individual  toe ; but  its  use  here  is  to  break  the 
fall  in  the  immense  bounds  they  make  when  attempting  to  seize 
their  prey.  How  little  a cat  suffers  in  leaping  from  a great 
height,  is  well  known. 

This  tissue  is  found  in  considerable  abundance  beneath  the 
skin,  and  it  is  in  its  cells  that  fat  is  deposited : this  accounts  for 
the  fat  being  so  much  on  the  surface,  in  animals  fed  for  the 
market ; and  the  collections  of  suet  about  the  kidneys  are  the 
result  of  an  exactly  similar  disposition,  the  cellular  membrane 
appearing  in  this  situation  to  be  used  as  a sort  of  sheath  for 
those  delicate  organs. 

As  this  is  the  first  of  the  animal  solids  mentioned,  it  may  be 
interesting  to  consider  how  its  development  is  affected  by  variety 
of  situation,  inasmuch  as  this  bears  directly  on  the  great  question, 
how  far  the  varieties  of  the  human  kind  may  be  attributed  to 
climate  and  locality.  Now  a property  of  this  membrane,  not 
before  mentioned,  is,  that  it  is  eminently  hygrometrical ; that  is, 
it  readily  absorbs,  and  is  swelled  up  by  moisture.  From  this  it 
necessarily  results,  that  the  inhabitants  of  low  moist  countries 
will  be  of  a fuller  softer  appearance  than  those  whose  atmosphere 
is  dry,  hot,  and  parching.  Compare  an  Englishman  with  an 
Arab  of  the  Desert,  or  a Dutchman  with  one  of  the  Neapolitan 
lazzaroni.  Observe  how,  in  the  former,  the  whole  outline  may  be 
described  by  circles  or  curves  gradually  fading  into  one  another ; 
how  the  interstices  between  the  muscles  arc  filled  in,  and  the 
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whole  figure  is  round  and  plump  : while  in  the  latter,  everything 
is  hard,  dry,  and  angular ; the  muscles  start  forth  abruptly  from 
the  skin,  and,  on  the  least  exertion,  display  themselves  as 
if  cleared  off  by  the  knife  of  the  anatomist ; the  cellular  mem- 
brane being  here  so  withered  and  dried  up,  as  to  afford  but  an 
extremely  slender  covering.  This  contrast  is  beautifully  marked 
by  Sir  Walter  Scott,  in  his  description  of  the  trial  of  strength  and 
sleight  of  hand  between  Richard  and  Saladin,  in  the  Tales  of  the 
Crusaders.  That  the  same  point  holds  good  in  other  animals 
will  appear  from  comparing  the  light  shapely  limbs  of  an  Arab 
steed  with  the  heavy  unsightly'  bulk  of  a Flanders  or  Kentish 
dray-horse ; and  it  is  remarkable  that  the  slender  bone  of  the 
former  is  so  much  closer  in  grain,  and  denser  in  material,  that  it 
actually  outweighs  the  large  open  porous  bone  of  the  latter.  In 
some  animals,  the  cellular  texture  immediately  beneath  the  skin 
is  extremely  lax,  thus  allowing  great  freedom  of  motion  to  the 
skin.  This  is  peculiarly  observable  in  the  Batrachian  reptiles, 
such  as  the  frog,  toad,  &c. ; and  in  consequence  of  this,  and  the 
peculiar  mode  in  which  they  breathe,  by  swallowing  the  air,  they 
are  enabled,  by  filling  their  large  vesicular  lungs,  to  inflate  their 
bodies  to  a very  great  size.  The  fact  has  been  long  since  observed, 
and  made  the  groundwork  of  the  well-known  fable  of  the  Frog 
and  the  Ox.  The  skin  is  nothing  more  than  a modification 
of  this  cellular  structure,  but  we  shall  reserve  the  consideration 
of  this  until  we  come  to  the  sense  of  touch.  Other  modifications 
of  it  present  us  with  the  coats  of  vessels,  ligaments,  and  tendons. 

A more  curious  modification,  and  the  last  we  shall  notice,  is 
that  by  which  it  is  converted  into  serous  membrane.  In  this 
form  it  appears  exceedingly  fine,  transparent,  and  lubricated  on 
its  internal  surface,  by  a fluid  which  is  constantly  exhaled,  and  as 
constantly  during  health  absorbed.  Serous  membrane  is  invari- 
ably found  in  the  form  of  a shut  sac,  that  is,  a bag  closed  at  both 
its  extremities,  lined  in  its  interior  by  a thin  layer  of  cells  dis- 
posed like  a pavement.  [Thei-e  is  an  exception  to  this  in  the  serous 
membrane  that  envelopes  the  intestines  of  the  female,  which  is 
perforated  at  the  free  extremity  of  the  tube  through  which  the 
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ovule  passes  to  the  womb.  This  is  the  only  place  in  the  whole 
bod}7  where  a serous  membrane  communicates  with  the  exterior.] 
It  is  used  in  the  system  to  cover  neighbouring  organs  which  re- 
quire some  freedom  of  motion  among  themselves ; and  to  facilitate 
this,  it  is  always  its  external  surface  that  is  applied  to  the  organ, 
while  its  internal,  being  free,  moves  easily  on  the  opposite  surface, 
also  internal,  with  which  it  is  in  apposition.  Thus,  while  it 
covers  an  organ,  the  organ  is  actually  outside  it,  and  it  is  possible 
to  conceive  the  organ  free  from  it  without  making  an  opening  in 
it,  or  destroying  its  continuity  as  a closed  double  membrane.  This 
probably  requires  a little  further  explanation.  The  most  impor- 
tant of  these  membranes  in  the  body,  are  the  arachnoid,  which 
envelopes  the  brain ; the  pleura,  the  lungs ; the  pericardium,  the 
heart ; the  peritoneum,  the  intestines ; and  the  tunica  vaginalis, 
which,  in  foetal  life,  is  continuous  with  the  peritoneum,  but  after- 
wards becomes  a separate  sac,  and  covers  its  own  organ.  Now, 
perhaps,  of  these,  the  disposition  of  the  pleura  will  most  easily 
explain  how  an  organ  may  be  covered  by  a membrane,  and  yet  be 
without  it. 

This  diagram  will  give  an  idea  of  the  mode  in  which  the 
serous  sacs  would  appear  in  a horizontal  section  of  the  chest 
made  about  its  centre. 

A The  back-bone. 

B b The  rib  on  each  side  joined  by 
D d Their  cartilages  to 
c The  breast-bone, 
p Space  occupied  by  right  lung. 

G Ditto  by  left. 

H Ditto  by  heart. 
a l The  serous  sac,  which  at  the 
same  time  invests  the  left 
lung  and  the  opposite  ribs: 
a ought  to  be  closely  laid 
against  the  rib  u;  for  the 
sake  of  distinctness  it  is  a 
little  removed  from  it.  It  is 
evidently  the  outside  of  the 
sac,  which  is  laid  against  the 
lung  and  the  rib.  The  in- 
side, between  a and  l,  is  free, 
and  here  one  of  the  surfaces 
glides  easily  over  the  other, 
allowing  the  necessary  mo- 
tions of  the  lungs  in  expira- 
tion and  inspiration. 
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The  serous  membrane,  it  is  evident,  does  not  entirely  cover 
the  lung.  A space  is  left,  x x,  termed  the  root  of  the  lung,  by 
which  blood-vessels  enter,  also  the  first  divisions  of  the  windpipe, 
which  are  here  represented  subdividing  themselves  into  three 
principal  tubes  for  the  right  lung,  and  two  for  the  left,  answering 
to  the  number  of  their  lobes. 

The  fact  that  a man’s  head,  though  covered  by  a double 
night  cap,  is  yet  outside  it,  may  be  added  as  a familial-  illustration. 
It  is  clear,  that  to  get  inside  it,  he  should  rip  it  up. 

This  cut  will  also  explain  a second  form  of  dropsy ; for  as  the 
exhalation  takes  place  constantly  on  the  inner  surface,  and  there- 
fore into  a closed  sac,  if  the  absorption  should,  at  any  time,  from 
debility  or  other  causes,  become  insufficient  to  remove  it,  a 
collection  of  fluid  must  consequently  occur,  and  as  the  ribs  will 
not  yield,  the  pressure  is  tin-own  entirely  on  the  lungs.  This 
form  of  dropsy,  which  is  commonly  termed  water  on  the  chest,  is 
much  more  dangerous  than  the  former,  which  was  mere  infil- 
tration of  the  subcutaneous  cellular  structure,  inasmuch  as  a 
direct  obstruction  is  here  offered  to  the  play  of  the  most  impor- 
tant vital  organs.  The  danger  is  indeed  so  imminent,  that  not 
unfrequently  an  incision  has  been  made  between  the  ribs  into  the 
sac,  and  the  fluid  thus  drawn  off. 

Small  serous  membranes,  with  a rather  more  viscid  fluid, 
are  also  placed  at  all  the  joints,  then-  outer  surfaces  being  still 
those  which  are  applied  to  the  extremities  of  the  bones,  while 
the  inner,  resting  against  each  other,  afford  beautifully  smooth 
and  lubricated  surfaces  for  every  kind  of  motion.  It  is  clear, 
the  thin  aqueous  exhalation  that  sufficed,  while  the  motion  was 
between  two  soft  organs,  would  no  longer  answer  here.  It  is, 
therefore,  changed  in  its  qualities,  rendered  thicker,  of  a con- 
sistency more  approaching  that  of  oil,  or  much  resembling  the 
white  of  an  egg.  Anatomists  call  it  synovia ; from  its  evident 
use,  Paley  gave  it  the  appropriate  name  of  joint -oil.  Similar 
structures  are  found  developed  beneath  tendons,  in  false  joints 
the  result  of  accident,  and  in  short,  wherever  free  motion  is 
But  that  no  doubt  should  remain  as  to  their  use. 
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when  motion  is  prevented,  these  structures  disappear;  thus, 
when  a surgeon  is  treating  a fractured  limb,  as  soon  as  the 
union  of  the  hones  has  acquired  some  consistency,  he  becomes 
most  anxious  that  the  neighbouring  joints  should  every  day 
have  a gentle  degree  of  motion.  He  knows  that,  if  he  neglected 
this,  the  synovial  membrane  of  the  joint  would  be  absorbed, 
as  if  the  constitution  perceived  that  its  offices  were  no  longer 
required;  adhesion  would  take  place  between  the  opposite  sur- 
faces, and  the  patient  would  rise  with  a stiff  joint. 

Comparative  anatomy  furnishes  a still  more  interesting 
proof.  The  lungs  of  birds  are  immoveable,  as  we  shall  have 
occasion  to  explain  more  fully  in  our  chapter  on  Respiration ; 
consequently  it  would  he  of  no  use  to  envelop  them  in  a double 
serous  sac,  as  is  done  with  our  lungs.  Before,  however,  this 
was  argued  out  by  man’s  reason,  it  was  known  to  the  Power  that 
secretly  made  and  fashioned  them.  The  membrane  is  omitted, 
and  the  lungs  adhere  closely  against  the  backbone. 

Another  very  simple  tissue  met  with  extensively  in  the  body 
is  the  homy  or  epidermic  tissue,  such  as  the  cuticle  of  the  skin, 
that  part  which  is  raised  on  the  application  of  a blister;  the 
nails,  and  hair.  All  these  parts  are  found,  on  examination  by 
the  microscope,  to  consist  only  of  a collection  of  cells,  joined 
together  and  arranged  in  various  forms. 

The  cells  of  which  the  hairs  are  composed,  contain  in  their 
interior  little  particles  of  various  colours,  giving  to  the  hair 
the  particular  tint  which  it  may  happen  to  present.  In  some 
instances,  as  is  well  known,  the  hair  suddenly  becomes  white 
under  the  influence  of  depressing  emotions, — 

His  hair  is  grey,  but  not  with  years. 

Nor  grew  it  white 
In  a single  night, 

As  men’s  have  done  from  sudden  fears. 

It  is  said,  that  this  results  from  the  secretion  at  the  root  of  the 
hair  of  an  acid  which  percolates  its  tissue,  and  chemically  destroys 
the  colour.  The  same  change  takes  place  more  slowly  on  the 
whole,  but  as  rapidly  perhaps  in  each  individual  hair,  as  the 
effect  of  age. 
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This  tissue  contains  no  blood-vessels  and  no  nerves.  We  cut 
tbe  hair  or  the  nails,  no  blood  flows,  no  pain  is  experienced-  We 
must  not  suppose,  however,  that  it  is  on  this  account  destitute 
of  vitality;  the  cells  of  which  it  is  constituted  retain  some 
amount  of  life;  this  may  be  shown  by  the  fact,  that  if  we  cut 
the  hair  the  extremities  have  a tendency  to  become  pointed. 

A third  texture,  found  in  the  body,  is  cartilage  or  gristle, 
which  tips  the  ends  of  the  bones,  and  forms  the  walls  of  tubes 
which  are  intended  to  be  kept  permanently  open,  such,  for 
instance,  as  the  windpipe,  the  nostrils,  the  external  ears,  Ac. 
This  texture  is  elastic,  and  to  a certain  extent  flexible,  playing 
a very  important  part  in  the  animal  economy.  Suppose,  for 
instance,  the  windpipe  had  been  made  of  bone,  how  liable  it 
would  have  been  to  get  broken,  how  slight  would  have  been  our 
tenure  of  life ; had  it,  on  the  other  hand,  been  made  of  some  soft 
tissue,  such  as  cellular  membrane,  it  would  have  been  always  col- 
lapsing, the  supply  of  air  to  our  lungs  would  be  cut  off.  we 
should  be  suffocated.  The  beneficence  of  the  Creator  is  well 
shown  by  the  choice  of  such  a material  for  the  purposes  to  which 
it  is  applied.  The  structure  of  cartilage  is  found  to  consist  of 
cells  imbedded  in  a Ann  substance  which  surrounds  them. 

Bone,  of  which  the  skeleton  is  composed,  which  gives  form 
to  the  animal,  which  serves  to  protect  those  delicate  and  most 
important  structures,  the  brain  and  spinal  cord,  and  which  plays 
a distinguished  part  in  locomotion,  by  acting  as  fixed  points  for 
attachment  of  the  muscles,  constitutes  another  and  a complex 
tissue.  Bone  is  mainly  characterized  hy  the  large  amount  of 
inorganic  material  it  contains,  in  the  shape  of  earthy  salts ; to 
this  is  owing  its  comparative  non-liahility  to  decay.  It  is  com- 
posed of  a framework  of  animal  tissue,  consisting  at  one  time 
of  life,  at  any  rate,  of  cartilage,  hollowed  out  into  canals  and 
passages  for  the  purposes  of  nutrition,  whilst  the  earthy  salts, 
principally  carbonate  and  phosphate  of  lime,  are  deposited  in 
this  animal  tissue.  The  two  other  textures  which  are  found 
in  the  more  perfect  animals,  and  which  we  have  next  to  con- 
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sider,  are  the  muscular  or  contractile,  and  the  nervous  or 
sensitive. 

That  part  of  an  animal  which  is  usually  termed  the  flesh, 
.or  the  lean,  as  contradistinguished  from  the  fat,  is  muscle.  It 
j is  always  of  a fibrous  appearance,  and  in  the  higher  animals  is 
usually  of  a deep  red  colour,  which  is  owing  to  the  quantity  of 
blood  it  contains.  The  colour,  however,  is  by  no  means  invari- 
able, but  seems  rather  proportioned  to  the  perfection  of  the 
muscle  and  the  quantity  of  exercise  it  undergoes.  Thus,  in  the 
carnivorous  animals,  the  lion,  the  tiger,  the  cat,  it  is  a deep  and 
well-marked  red.  The  same  is  the  case  in  the  stronger  grami- 
nivorous annuals,  as  the  horse,  the  cow  ; and  it  will  be  observed 
that  in  this  latter  the  muscles  do  not  acquire  their  appropriate 
colour  until  in  some  measure  advanced  towards  maturity,  the 
flesh  of  the  calf  being  well  known  to  be  white.  In  other  animals, 
such  as  the  rabbit,  which,  weak  and  timid,  generally  keeps 
itself  squatted  in  its  hole,  or  ranges  hut  a very  short  distance 
from  it  for  food,  and  consequently  has  no  necessity  for  much 
vigorous  muscular  exertion,  the  muscles  are  white  and  soft; 
while  in  the  hare,  which  has  no  hole  for  shelter,  but  depends 
chiefly  on  its  speed  for  protection  against  the  attacks  of  its 
enemies,  the  muscular  fibre  is  much  more  perfect,  distinct,  and 
of  a very  deep  colour.  As  these  last  two  animals  also  feed  in 
exactly  the  same  way,  it  cannot  be  true,  as  some  have  pretended, 
that  this  difference  of  colour  can  depend  on  difference  of  food. 
The  nearer  approach  to  maturity,  or  the  greater  habit  or  power 
of  exertion,  are  the  true  causes  to  which  it  should  be  referred. 

The  nature  of  the  place  inhabited  is  also  to  be  taken  into 
account,  and  we  shall  find  those  mammalia  that  inhabit  the  sea, 
such  as  whales,  dolphins,  porpoises,  exhibit  a remarkably  deep 
colour  in  their  muscles,  which  may  be  fairly  attributed  to  the 
great  quantity  of  dark  venous  blood  circulating  in  those  animals. 
Of  birds,  such  as  are  of  high  flight  and  powerful  wing,  princi- 
pally birds  of  prey,  show  this  and  other  qualities  of  muscle  in 
the  greatest  perfection.  Birds,  on  the  contrary,  that  fly  to  no 
great  distance,  do  not  nest  in  trees,  but  usually  remain  on  the 
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ground,  have  their  muscles  soft  and  white.  Such  are  the 
common  barn-door  hen,  the  turkey,  the  partridge.  Age  also 
shows  its  influence  here.  In  many  places  pies  are  made  of 
young  rooks,  caught  before  they  are  able  to  fly,  as  at  that 
period  their  flesh  is  white  and  tender:  in  the  full-grown  bird 
it  is  rank  and  ahuost  black.  The  influence  of  situation,  too,  is 
observable.  Aquatic  birds,  such  as  ducks  and  geese,  have  their 
flesh  invariably  dark  - coloured ; but  though  it  imitates  in  tint, 
it  never  approaches  in  density,  to  the  muscle  of  birds  of  high 
flight.  In  white-blooded  animals  the  muscles,  as  far  as  we 
know,  are  always  white.  The  crab  is  an  example. 

It  is  to  be  observed  that  a muscle,  such  as  it  appears  to  us, 
is  a compound  organ,  consisting  of  the  peculiar  muscular,  or  as 
De  BlainvMle  calls  it,  fleshy  matter,  deposited  in  little  sheaths, 
formed  by  the  cellular  tissue,  and  supported  with  arteries,  veins, 
lymphatics,  and  nerves.  These  cellular  sheaths,  which  enclose 
the  fleshy  matter,  meeting  together  at  the  ends,  and  becoming 
condensed,  form  the  tendon  in  which  we  so  generally  find  a 
muscle  to  terminate.  Muscles,  then,  are  composed  of  a great 
number  of  small  fibres,  varying  in  size,  but  having  an  average 
in  the  human  being  of  about  the  400th  of  an  inch  in  diameter. 
Each  of  these  fibres  is  composed  of  a delicate  membrane  or 
sheath  (sarcolemma),  in  which  the  proper  muscular  or  contractile 
material  is  contained ; this  material  being  arranged  in  the  form 
of  minute  oval  or  quadrilateral  particles,  which,  by  their  mutual 
apposition,  give  to  the  entire  fibre  the  appearance  of  cross- 
markings or  stripes. 

Another  form  of  muscular  fibre,  however,  it  must  be  men- 
tioned, is  met  with  in  the  coats  of  the  stomach  and  intestines, 
as  well  as  in  some  other  situations,  in  which  these  stripes  are 
absent. 

The  central  part  f in  which  the  fleshy  matter  is  most  col- 
lected, is  termed  the  belly  of  the  muscle.  The  tendon  t is  shown 
to  be  formed  by  the  cellular  partitions  meeting  at  the  extremity. 
Sometimes  this  order  of  parts  is  reversed,  the  tendon  being  in 
the  centre,  and  a fleshy  belly  placed  at  each  end,  as  is  found 
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oo  occur  in  the  muscle  of  the  throat,  which,  for  this  reason. 


Cut  of  Muscle ; showing  fleshy  belly  and  tendon. 


ifiation  we  shall  speak  of  when  describing  the  act  of  swallowing. 
But  whatever  may  be  the  arrangement,  it  is  in  the  fleshy 
part  that  the  peculiar  quality  of  the  muscle,  which  Haller  terms 
’ i rritability,  is  found  to  exist. 

This  quality,  which  is  now  more  usually  termed  contrac- 
tility, is  that  by  which  a muscle,  when  stimulated,  diminishes 
ts  length,  and  thus  causes  its  extremities  and  the  bones  to 
which  they  may  he  attached  to  approach  one  another.  It  is 
••vident  that  if  one  of  these  extremities  be  fixed,  the  other  only 
■vill  be  acted  on,  and  this  is  the  principle  of  all  the  motions 
performed  in  our  bodies.  As  the  ends  approximate,  the  mus- 
le  swells  up  and  becomes  harder ; this  may  be  felt  by  placing 
he  hand  on  the  biceps  of  a person  who  is  raising  a weight 
•with  his  arm.  Does  it  alter  in  actual  bulk  ? Experiments 
-how  that  it  gains  in  thickness  exactly  what  it  loses  in  length. 
Mr.  Mayo  placed  in  a vessel  of  water,  fitted  with  a delicate 
ube  so  as  to  indicate  the  slightest  change  in  the  level,  the 
leart  of  a dog  which  was  still  beating.  Ho  change  in  the  level 
:ook  place. 

If  we  examine  by  the  aid  of  the  microscope  the  state  of  the 
ndividual  muscular  fibres  during  contraction,  we  find  that  each 
fibre  seems  to  swell  up  in  little  points  or  knots,  here  and  there 
throughout  its  length ; that  these  little  bulgiugs  on  the  fibre 
lo  not  remain  stationary,  but  seem  to  oscillate  or  travel  along 
he  fibre  like  waves,  as  if  each  point  could  remain  contracted 
■>nly  for  the  briefest  period.  For  a long  time  a favourite  idea 
•vith  regard  both  to  the  fact  and  theory  of  contraction  was  that 
idvocated  by  Prevost  and  Dumas,  viz.,  that  in  contracting,  the 
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fibres  assumed  a zigzag,  the  angles  of  which  would  correspond 
to  the  filaments  of  nerve  distributed  to  them.  Hence  the.se 
observers  supposed  that  contraction  consisted  in  a form  of  [' 
electricity  transmitted  by  the  nerves,  and  attracting  opposite  ' 
points  of  fibres. 


Cut  explaining  Theory  of  Muscular  Contrac  tion. 


Let  M (fig.  1)  represent  the  muscle ; s the  nerve  approaching 
it;  n n1  n2  the  fibrils  of  the  nerve  dividing  to  supply  the 
muscle,  and  crossing  its  fibres  almost  at  right  angles.  When, 
therefore,  by  the  act  of  volition  the  nervous  influence  passes 
along  n n1  n-  these  become  electrically  attracted  towards  each 
other,  the  intervening  parts  of  the  muscle  are  wrinkled  up  to 
admit  of  their  approach,  and  thus  contraction  is  produced. 
This  is  represented  in  fig.  2.  The  ‘fact’  was  erroneous,  the 
theory  still  more  so.  Where  these  zigzags  occur,  they  are  not 
found  in  the  fibre  which  is  actually  contracting,  but  in  those  1 
which  have  ceased  to  contract,  and  which  have  not  yet  been  ; 
stretched  out  or  extended  by  some  opposing  force. 

To  enumerate  the  other  theories  framed  on  this  subject,  the 
chemical,  the  mechanical,  <&c.,  would  require  a long  chapter,  ; 
and  would  be  beside  our  object,  which  is  rather  to  convey  facts  ; 
than  to  record  opinions.  Theories  have  often  done  for  phy- 
siology what  commentaries  have  done  lor  original  works,  they 
have  rendered  that  which  was  clear  doubtful,  and  that  which  : 
was  doubtful  unintelligible. 


LIFE  AND  ORGANIZATION. 


37 


Another  quality  of  the  fleshy  matter  is,  that  an  increased 
si  demand  for  it  always  produces  an  increased  supply.  The  more 
,i  n muscle  is  exercised,  the  more  it  grows  in  hulk  and  density. 
• Every  one  has  observed  the  size  of  the  muscles  in  the  calf  of  a 
dancer,  and  the  great  development  they  acquire  on  the  arms 
and  chest  of  a smith.  Rest  affects  them  in  a directly  contrary 
manner.  The  fleshy  fibre  seems  to  be  by  degrees  carried  away, 
and  its  place  supplied  by  fatty  matter.  This  degeneration  has 
been  observed  in  those  muscles  which  have  had  their  action 
prevented  by  paralysis  consecpient  on  certain  poisons  of  lead. 
The  muscles,  too,  which  are  provided  tor  the  motion  and  sup- 
port of  that  naturally  flexible  column,  the  human  spine,  finding 
that  support  given  by  tight  stays,  and  all  motion  prevented 
t le  use  of  stiff  whalebone  or  steel  plates,  yield  up  their 
office.  Nothing  useless  is  suffered  to  continue  in  the  frame, 
consequently  they  become  absorbed ; and,  in  place  of  the  full, 
]plump,  muscular  cushion  which  should  run  along  each  side  of 
(the  spine  so  as  to  leave  it  actually  sunk  between  them,  the 
^anatomist  finds  nothing  hut  cellular  structure  with  a few  pale 
emaciated  fibres;  the  processes  of  the  backbone  project  like  so 
imany  unprotected  points,  while  the  poor  victim  of  an  absurd 
ifashion,  having  marred  Nature  in  her  fair  proportions,  is  com- 
ipelled  to  continue  those  external  supports,  the  necessity  for 
’which  she  has  entailed  on  herself. 

Of  the  chemical  composition  of  muscular  matter  it  is  not 
necessary  to  say  much.  The  analyses  made  of  it  have  generally 
keen  imperfect,  inasmuch  as  the  whole  muscle  has  generally 
keen  operated  upon  at  once.  But  it  is  shown  above  that  a 
muscle  is  a very  compound  organ,  containing,  in  addition  to 
the  proper  muscular  matter,  cellular  membrane,  blood-vessels, 
nerves,  and  lymphatics.  This  is  an  evident  source  of  inaccuracy 
that  has  not  been  sufficiently  guarded  against.  The  proper 
matter,  however,  is  termed  fibrine,  and  it  is  found  to  contain 
nitrogen  in  very  great  abundance.  As  this  is  the  clement 
which  prevails  in  animal  bodies,  and  in  most  cases  distinguishes 
their  chemical  composition  from  that  of  vegetables,  it  is  usually 
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termed  the  animalism"  principle  ; and  fibrine,  as  containing  i | : 
in  a higher  degree  than  other  parts  of  the  animal  body,  is  s»ic|L 
to  he  most  highly  animalised.  This  fibrine  is  procured  by  pour* 
ing  successive  quantities  of  cold  water  over  a muscle,  say,  foi  _ 
instance,  the  lean  part  of  beef,  until  you  have  washed  away  most 
of  the  colour,  which  depends  on  the  hlood,  and  some  loose  fat  ; 
albumen  and  jelly  that  may  have  adhered  to  it.  Then  use 
boiling  water,  which  will  extract  whatever  may  remain  of  those  < 
principles,  together  with  a new  principle  termed  osmazome,  the  : 
principle  to  which  soup  owes  its  peculiar  flavour  and  odour. 
You  will  have  then  remaining  nothing  hut  a white  fibrous  tex- 
ture, insipid  and  inodorous:  this  is  fibrine,  the  essential  part 
of  the  muscle.  As  an  animal  verges  towards  old  age,  you  will 
find  less  of  the  fleshy  matter,  and  more  cellular  sheath.  It  is 
on  this  account  that  old  meat  is  tough. 

In  making  some  improvements  in  Paris,  it  was  found  neces- 
sary to  intrude  on  ground  which  had  for  many  years  been  used 
as  a burying-place.  In  removing  the  bodies  for  this  purpose,  it 
was  found  that  the  muscles  and  other  soft  parts  had  been  con- 
verted into  a grey  fatty-looking  matter,  of  a peculiar,  but  not 
very  disagreeable,  smell.  This  alteration  was  most  complete  in 
the  bodies  which  had  been  interred  about  three  years,  and  occu- 
pied the  centre  of  the  pits  in  which  they  were  piled.  This 
singular  appearance  attracted  the  notice  of  the  Parisian  chemists, 
and  an  accurate  examination  showed  it  to  be  a sort  of  soap,  || 
formed  by  the  combination  of  ammonia,  which  all  animal  bodies 
give  off  in  putrefying,  with  a peculiar  fat  termed  adipocire,  into 
which  it  was  found  muscle  could  be  converted  by  the  action  of 
nitric  acid,  or  of  moistm-e  continued  for  some  time.  Pursuing 
this  discovery',  they  found  that  this  change  was  operated 
much  more  quickly  by  immersion  in  cold  water,  especially  in  a 
slow  running  stream : and  the  idea  thence  occurred  that  by  this 
means  the  carcasses  of  animals  not  fit  for  food,  such  as  dogs,  cats, 
horses,  &c.,  might  he,  as  it  were,  manufactured  into  fat,  and 
used  for  purposes  of  domestic  economy.  Attempts  were  made 
both  in  this  country  and  in  France,  but  failed,  because  no 
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maeans  could  be  found  of  removing  a certain  unpleasant  smell 
that  accompanied  the  fat  produced  in  this  way. 

"VVe  now  come  to  the  nervous  matter,  by  means  of  which 
' ’ zhe  directions  of  the  will  are  communicated  to  the  muscles,  and 
mur  connexion  with  the  external  world  altogether  supported. 
' ilts  functions  are  so  important  as  to  require  separate  considera- 
^ ttion,  so  that  we  shall  here  merely  view  it  as  one  of  the  consti- 
ttuent  parts  of  the  animal  body,  and  consider  it  with  respect  to 
iits  characters  and  mode  of  distribution.  Examined  chemically, 

- iit  is  found  to  contain  a large  quantity  of  water  and  albumen, 
with  a peculiar  fatty  matter,  osmazome,  phosphorus,  sulphur, 

J"  and  some  salts.  It  is  thus  a very  compound  substance,  indeed 

- (the  most  so  of  the  constituent  solids  of  the  body.  It  is  to  be 
ffound  in  great  abundance  in  the  brain,  on  the  external  part  of 
which  it  is  of  a grey  colour,  and  is  termed  cineritious,  or  cor- 

* ttical,  while  internally  it  is  of  a pure  white.  In  the  spinal  mar- 
trow  this  order  is  reversed,  the  grey  being  in  the  centre — so  that 
: ihe  term  cortical  becomes  here  improper — and  the  white  towards 
±he  surface.  In  the  nerves,  the  white  matter  only  appears, 

’ while  the  ganglia  seem  altogether  grey,  to  which  a reddish  tint 

- is  given  by  the  blood  which  they  contain.  It  is  usual  then  to 
i-  idivide  the  nervous  system  into  four  parts ; the  brain,  the  spinal 

marrow,  the  nerves,  and  the  ganglia. 

The  brain  is  the  great  centre  in  which  all  impressions  are  per- 
\ zeived,  and  from  which  the  stimulus  to  voluntary  motion  emanates, 
s It  gives  origin  directly  to  all  the  nerves  of  the  senses,  and  even 
to  the  nerves  which  produce  motion  in  the  muscles  of  the  eye, 

'■  the  general  muscles  of  the  face,  the  tongue,  the  upper  part  of 
: the  throat  and  windpipe,  in  short,  those  which  we  might  con- 
i aider  it  advantageous  to  have  more  immediately  under  the 
: command  of  the  will.  If  the  nerve  be  divided  between  the 
Erain  and  any  of  those  organs,  the  organ  is  rendered  useless. 
Thus,  if  you  cut  the  optic  nerve,  though  the  eye  may  remain 
as  perfect  as  before,  though  the  light  may  fall  as  fully  on  it, 
there  is  no  perception  of  the  light,  because  the  medium  by  which 
the  impression  should  be  communicated  to  the  brain  is  cut  off. 
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From  this  we  conclude  that  one  office  of  the  brain  is  to  perceive,  ;- 
of  the  nerves  to  convey,  impressions.  The  nerves  always  arise  t 
in  pairs,  one  for  each  side;  and  nine  of  these  pairs  have  their  M 
origin  from  the  brain.  The  spinal  marrow  is,  as 
continuation  of  the  brain  along  the  canal  of  the  backbone 
the  more  convenient  supply  of  nerves  to  the  muscles  and 
ments  of  the  body.  It  serves  its  purpose,  however,  only  as  " 
long  as  it  is  in  connexion  with  the  brain;  for,  if  divided  any- 
where, all  the  parts  supplied  with  nerves  whose  origin  is  below 
the  division  become  paralyzed  and  insensible.  It  appears  to  r 
consist  of  four  columns  or  rods,  of  which  the  two  front  give 
origin  to  the  nerves  of  motion,  and  the  two  posterior  to  the 
nerves  of  sensation.  The  nerves  themselves  are  small  white 
cords,  appearing,  when  examined  with  the  microscope,  to  be 
made  up  of  numerous  filaments,  each  having  its  own  peculiar 
sheath,  and  all  enclosed  in  a general  sheath. 


Magnified  view  of  a Nerve,  exhibiting  * common  sheath  of  nerve;  f one  filament 

dissected  out. 

The  ganglia  are  always  found  deep  in  the  frame,  as  in  the 
inmost  parts  of  the  chest,  abdomen,  &c.  The  nerves  which  issue 
from  them  go  to  supply  the  most  important  organs,  as  the 
heart,  liver,  and  stomach.  They  are  for  this  reason  termed  the 
nerves  of  organic  life;  and  from  their  innumerable  junctions  and 
intertwinings  with  each  other  seems  to  arise  the  sympathy 
between  the  several  pints  which  unites  all  the  organs  in  com- 
munity of  feeling,  relation,  and  action.  Even-  ganglion  is 
directly  united  with  the  one  which  precedes  and  follows  it ; and 
the  nerve,  by  means  of  which  this  connexion  is  continued  through 
the  whole  chain,  is  termed  the  great  sympathetic. 

Examined  by  the  microscope,  nervous  matter  presents  two 
great  forms;  the  grey,  which  is  largely  supplied  with  blood, 
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^ which  appears  to  be  the  seat  or  originator  of  the  nervous  force, 
'V;  and  which  is  composed  essentially  of  closed  cells  or  vesicles, 
te  med  nerve  vesicles ; and  the  white,  which  is  found  in  the 
> white  parts  of  the  brain  and  spinal  cord  as  well  as  in  the  nerves, 
• and  which  is  composed  of  numbers  of  fibres,  smaller  than  those 
v-  of  muscles,  and  present  a double  contour  as  if  consisting  of  two 
s tubes,  one  placed  inside  the  other,  the  central  part  being  occupied 
by  a gelatinous  substance.  The  white  or  fibrous  nervous  matter 
a is  supposed  principally  to  conduct  or  convey  impressions  to  or 
to  from  the  great  centres  of  nervous  force. 

We  have  thus  got  an  idea  of  what  may  be  termed  the  primary 
ie  solids ; the  cellular,  which  envelopes  and  protects  all  our  organs, 
ito  which  allows  one  part  to  move  upon  another  whilst  at  the  same 
k time  it  binds  the  two  together ; the  horny,  which  protects  the 
it  surface,  and  which  forms  our  external  or  cuticular  covering ; the 
cartilaginous,  which  combines  strength  with  elasticity,  and 
which  diminishes  the  shocks  or  jars  which  would  otherwise  occur 
between  the  bones,  just  as  the  spring  buffers  placed  between  the 
carriages  of  a railway  tram  diminish  the  force  of  the  collisions 
there ; the  osseous,  which  constitutes  the  skeleton,  which  deter- 
mines the  form  of  the  higher  animal ; the  muscular,  which  is 
the  immediate  agent  in  all  motion ; and  the  nervous,  on  which 
depends  our  sensation.  The  next  thing  to  be  considered  is,  in 
what  manner  these  are  put  together  so  as  to  form  a living  body. 

A medusa,  it  was  stated  before,  might  be  considered  as  a sort 
of  double  sac,  possessing  two  surfaces ; an  external,  performing 
the  office  of  the  skin;  and  an  internal,  performing  those  of  a 
digestive  canal.  The  same  general  view  may  be  taken  of  every 
animal.  We  now  propose  applying  it  to  the  highest,  man.  The 
human  frame,  then,  has  its  two  surfaces ; the  external,  the  skin ; 
the  internal,  the  lining  membrane  of  the  alimentary  canal;  and 
these  are  accurately  continuous.  Let  a person  observe  carefully 
any  of  the  orifices  of  the  body,  say,  the  mouth  or  nostrils ; he 
will  readily  perceive  that  there  is  no  point  at  which  he  can  say 
the  skin  ends  and  a new  membrane  commences;  but  ho  will 
observe  the  skin  folded  in  over  the  edges  of  the  lips  or  nostrils, 


42 


DIGESTION. 


to  acquire  new  properties  in  its  new  situation,  and  to  become 
more  vascular,  as  shown  by  its  greater  redness,  softer,  and  con- 
stantly moistened  by  the  secretion  from  a number  of  little  glands 
placed  immediately  beneath  it,  and  which  are  termed  mucous. 
In  short,  the  skin  has  been  converted  into  what  is  termed  a 
mucous  membrane,  and  in  this  form  lines  the  mouth,  throat, 
stomach,  and  all  the  intestines,  resuming  again  at  their  termina- 
tion its  original  characters  and  appearance.  31  an  is  thus  a 
double  sac,  having  in  his  external  surface  all  the  organs  of  the 
senses,  the  means  by  which  he  communicates  with  the  external 
world;  and  in  or  close  to  his  internal  surface,  all  those  glands, 
such  as  the  liver,  pancreas,  &c.,  whose  secretions  are  necessary  or 
useful  for  digestion.  In  the  intervening  texture  will  be  found 
the  skeleton,  the  framework  on  which  the  whole  is  supported,  and 
the  muscles  by  which  the  whole  is  moved.  Here  also  are  found 
all  those  organs  charged  with  elaborating,  either  the  impressions 
transmitted  from  the  external  surface  which  should  give  percep- 
tion, sensation,  volition,  &c.,  or  the  nutritive  materials  furnished 
by  the  internal  surface ; such  are  the  organs  of  circulation  and 
respiration.  This  is  a general  outline  of  the  human  frame,  which 
we  proceed  to  fill  in  more  in  detail. 

The  function  by  which  all  the  parts  are  furnished  with  the 
materials  necessary  for  their  growth,  should  clearly  be  the  first 
examined.  This  function  is  Digestion. 


Chapter  III. 

DIGESTION. 

Part  I.  Of  the  Mouth,  Teeth,  and  Gullet.  Chewing  and 

Swallowing. 

THE  function  of  Digestion,  by  which  foreign  substances  taken 
in  are  applied  to  repair  the  wastes  of  the  body,  while  such  parts 
of  them  as  arc  useless  are  rejected,  exists  through  the  whole  scale  of 
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animal  life.  The  organs  for  the  performance  of  this  function 
are,  in  the  lower  animals,  extremely  simple,  consisting  of  little 
more  than  an  orifice  through  which  food  is  admitted,  and  a sac  in 
which  it  undergoes  the  necessary  changes.  But,  as  we  rise  in 
the  chain,  new  parts  are  continually  added,  and  we  recognise  at 
last,  means  of  seizing  the  food ; of  cutting  and  bruising  it ; of 
subjecting  it  to  a sort  of  preparatory  maceration  by  means  of 
salivary  glands;  of  swallowing  it  through  a passage  rendered 
constantly  moist  and  slippery  to  facilitate  its  .progress  ; of  per- 
forming the  peculiar  offices  of  the  stomach,  to  which  properly  the 
name  of  digestion  belongs ; of  ensuring  the  mixture  of  the  chyme, 
or  matter  thus  prepared,  with  certain  secretions,  the  bile,  the 
pancreatic  juice,  &c.,  which  produce  further  changes  on  it,  sepa- 
rating the  chyle  or  nutritious  part  from  the  rest ; of  absorbing 
this  nutritious  part  so  that  entering  the  circulation  it  may  be 
conveyed  to  all  regions  of  the  body ; and  finally  of  passing  on 
the  useless  or  excrementitious  part  until  it  is  expelled  from 
the  system. 

In  considering  such  a variety  of  operations,  it  will  be  necessary 
to  follow  some  order,  to  ensure  a due  share  of  attention  to  each. 
We  shall  first,  then,  examine  the  mouth  and  its  appendages,  as 
placed  at  the  summit  of  the  alimentary  canal ; next,  the  oesopha- 
gus, or  gullet,  through  which  the  food  is  conveyed ; thirdly,  the 
stomacli  and  small  intestines,  including  organs,  such  as  the  liver 
and  pancreas,  which  unite  their  offices  with  these ; fourthly,  the 
means  by  which  the  nutritive  matter  is  retained;  and  fifthly, 
those  by  which  the  residue  is  expelled. 

The  mouth  shows  itself  at  first  as  a mere  sucking  orifice,  un- 
furnished with  teeth,  tongue,  or  jaw-bones.  The  earliest  rudi- 
ments of  these  may,  perhaps,  be  observed  in  certain  mollusca, 
such  as  the  snail,  in  which  also,  it  is  well  known,  the  salivary 
glands  are  well  developed.  In  worms,  as,  for  example,  the 
leech,  its  powers  of  suction  are  familiar  to  every  person ; but 
here  it  is  also  supplied  with  a double  row  of  fine  teeth,  by  means 
of  which  it  penetrates  the  skin,  while  the  suction  producing  a 
tendency  to  a vacuum,  the  blood  rushes  towards  the  place,  and 
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continues  to  be  drawn  until  the  animal  is  quite  filled.  The 
mouth  is  here  also  an  organ  of  locomotion,  as  by  this  suction- 
power  the  animals  fix  their  anterior  extremity,  and  then  draw  the 
posterior  towards  it.  In  insects  true  jaws  exist,  with  this  pecu- 
liarity, that  they  are  always  lateral,  that  is,  act  from  side  to  side, 
not  from  above  downwards,  as  is  the  case  in  all  the  mammalia, 
of  which  we  may  take  ourselves  as  an  example.  In  some  animals 
of  this  class,  as  bees,  the  jaws  are  lengthened  out,  rounded,  and 
united  together,  ^o  as  to  form  a beautiful  little  tube,  through 
which  they  suck  up  the  fine  juices  from  the  nectaries  of  flowers. 
In  some  of  the  Crustacea,  as  the  crab  and  the  lobster,  we  find 
the  teeth  placed,  not  in  the  mouth,  but  in  the  stomach,  in  which 
situation  there  would  be  a framework  of  gristle,  with  projecting 
teeth  moved  by  muscles,  and  capable  of  considerable  power  of 
mastication.  In  fishes,  we  seem  to  find  a connecting  link  be- 
tween such  animals  as  have  teeth  and  such  as  have  them  not,  the 
sturgeon  being  an  example  of  the  latter  kind,  while  the  pike 
adequately  represents  the  former,  showing  teeth,  not  only  in  their 
usual  place,  but  on  the  tongue,  the  palate,  and  even  in  the 
throat.  In  reptiles,  too,  the  same  varieties  occur,  from  the  tor- 
toise, which  has  merely  hard  horny  gums,  meeting  like  the 
blades  of  scissors,  and  cutting  its  food,  up  to  the  fangs  of  the 
rattlesnake,  or  the  formidable  rows  in  the  jaws  of  the  crocodile. 

In  birds,  the  teeth  again  vanish,  and  the  jaws  become  pro- 
longed and  hardened,  assuming  the  form  of  a beak  or  bill,  which 
can  no  longer  be  used  as  an  organ  of  mastication,  but  merely 
serves  to  pick  up  their  food,  as  in  the  common  fowl : to  assault 
and  destroy  their  prey,  when  it  is  always  combined  with  strong 
wings  and  powerful  talons,  as  in  the  eagle,  hawk,  4c. : or  as  a 
means  of  climbing,  when  it  assumes  the  peculiar  hooked  appear- 
ance which  we  observe  in  the  parrot  tribe.  In  some  long-billed 
birds,  such  as  the  snipe,  duck,  woodcock,  the  beak  is  covered  by 
a soft  membrane,  abundantly  supplied  with  branches  of  nerves, 
by  means  of  which  they  are  enabled  to  use  it  as  an  organ  of 
touch.  This  is  absolutely  necessary  in  their  case,  inasmuch  as 
these  animals,  constantly  seeking  their  food  by  their  long  bills, 
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in  places  out  of  view,  must  be  endowed  with  a power  of  discrimi- 
nation in  that  paid  to  enable  them  to  reject  such  things  as  would 
be  useless  or  prejudicial  to  them.  The  bill  of  the  woodpecker  is 
long,  pointed,  and  wedge-like,  to  enable  it  to  penetrate  into  the 
decayed  trunks  of  trees,  in  which  the  insects  that  form  its  food 
are  found ; and  it  is  still  further  assisted  in  this  by  its  tongue, 
which  is  furnished  with  sharp  horny  points  at  its  extremity,  and 
being  very  narrow,  and  capable  of  protrusion  to  a great  extent, 
serves  for  searching  into  the  smallest  crevices.  But  in  no  bird  is 
an  apparent  defect  more  really  a beautiful  instance  of  the  adapta- 
tion of  organization  to  the  supply  of  natural  want  than  in  the 
crossbills.  These  little  birds  derive  their  name  from  the  upper 
mandible  * of  the  bill  not  lying  exact!}-  over  the  lower  at  its  ex- 
tremity, but  curving  downwards,  generally  to  the  left  side,  while 
the  lower  curves  upward,  and  to  the  right. 


Skull,  with  Mandibles  of  a Crossbill.  In  this  specimen,  the  overlapping  does 
not  appear  to  have  been  made  in  what  we  consider  the 
most  ordinary  direction. 

From  the  appearance  of  this  bill  at  first,  we  should  he  inclined 
to  pronounce  it  totally  useless ; for  how,  we  would  say,  can 
these  points,  which  cross  each  other,  serve  to  pick  up  seeds,  or 
how  can  the  mouth  be  opened  sufficiently  wide  to  catch  insects  ? 
Neither  are  they  suited  to  a bird  of  prey ; as  how  could  it  attack 
any  animal  witli  such  an  ungainly  weapon  ? But  these  arc  not 
the  objects  for  which  it  was  formed.  This  bird  was  to  nourish 
itself  by  the  seeds  picked  out  of  the  cones  of  the  pine  and 
different  firs,  and  it  has  got  the  instrument  most  exactly  suited 

Mandible,  the  term  applied  to  the  upper  and  lower  parts  of  the  beak  iti  birds* 
what  in  other  aumials  we  would  term  the  upper  and  lower  jaw.  9 
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to  this  purpose.  It  has  the  power  of  bringing  the  point*  of  it* 
mandibles  together,  and  inserting  its  beak  hi  this  state  under  the 
scale  of  the  cone ; it  then  opens  it  by  drawing  its  lower  mandible 
sideways,  in  which  direction  it  is  evident  the  scale  is  much  less 
capable  of  offering  resistance,  than  if  attempted  to  be  forced 
directly  upwards.  The  seed  is  thus  uncovered,  but  the  bird  ha* 
not  yet  attained  it.  For  this  purpose  it  is  furnished  with  a long 
scoop-like  tongue,  sharp  on  the  edges  and  towards  the  point. 
While,  therefore,  the  scale  is  separated  from  the  body  of  the  cone 
by  the  beak,  the  tongue  is  enabled  to  direct  its  cutting  scoop  un- 
derneath the  seed,  which  is  at  the  root  of  the  scale,  and  the  food 
thus  dislodged  is  transferred  to  the  mouth. 

But  we  now  come  to  the  last  and  highest  class  of  animals,  the 
mammalia,  to  which  also  we  ourselves  belong;  and  in  every 
order  of  these,  except  one,  we  find  the  mouth  furnished  with 
teeth.  This  order  is,  from  the  peculiarity  of  the  circumstance, 
termed  edentata,  or  toothless ; and  includes  very  few  animals, 
chiefly  of  the  sloth  and  ant-eater  land.  In  fact,  the  name  is 
only  applicable  with  propriety  to  these  latter,  and  as  their  food 
consists  of  insects,  already  sufficiently  small,  and  perhaps  occa- 
sionally of  honey,  it  is  evident  that  organs  for  chewing  or  grind- 
ing the  food  would  here  be  useless.  In  place  of  them,  they  are 
provided  with  long  and  powerful  claws,  by  means  of  which  they 
root  up  ant-hills,  and  a thread-shaped  tongue,  covered  with  a 
thick  slime,  which  licks  up  these  insects  in  great  numbers.  With 
this  exception  all  mammalia  have  teeth,  and  the  variety  of  their 
nature,  uses,  and  distribution,  have  furnished  naturalists  with 
some  of  the  most  useful  characters  for  classification  and  distribu- 
tion. As  these  varieties  of  the  teeth  are  always  connected  with 
varieties  in  the  structure  and  functions  of  other  parts,  or  rather 
of  the  entire  frame,  it  will  be  necessary  to  consider  some  of  the 
most  prominent  of  them.  The  mode  in  which  teeth  originate 
and  grow  is,  perhaps,  one  of  those  questions  on  which  physiolo- 
gical inquiry  has  led  to  the  most  satisfactory  results.  Every  tooth 
presents  us  usually  with  two  parts,  the  ivory  or  body  of  the  tooth, 
and  the  enamel.  The  existence  of  this  last,  indeed,  has  been  de- 
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tiied  m the  tusks  of  the  elephant,  in  those  of  the  walrus,  the 
larwlial,  and  in  the  incisor  teeth  of  the  African  hog;  yet  in  all 
hese  we  find  an  external  thin  covering  of  a different  substance 
from  the  body  of  the  tooth. 

If  at  a very  early  period,  say  during  foetal  life,  we  examine 
: lie  jaws,  we  shall  find,  between  the  bony  plates,  termed  alveolar 
irocesses,  a soft  round  pulp  deposited,  by  which  the  body  of  the 
ft’uture  tooth  is  to  be  formed.  It  is  in  great  part  surrounded  by 
i sac,  the  office  of  which  is  to  deposit  on  it  the  enamel.  This 
enamel  in  us  covers  the  crown  and  body  of  the  tooth,  and  reaches 
is  far  as  the  neck,  or  the  point  where  it  is  implanted  in  the  gums. 
]For  instance,  let  this  represent  a section  of  a jaw- 
tooth  : the  fangs  and  body  of  the  tooth,  which  are 
i nade  of  ivory,  are  represented  shaded ; the  enamel, 
reaching  as  far  as  the  neck  of  the  tooth,  is  repre- 
sented white;  and  the  darkened  figure  in  the 
centre  represents  the  cavity  in  the  body  of  the 
:ooth,  containing  the  remains  of  the  pulp,  to  which 
canals  are  seen  leading  along  each  fang,  through  which  run  ves- 
sels and  nerves.  But  to  return  to  our  pulp.  If  we  examine  it 
a little  later,  we  shall  perceive  a fine  scale  of  bone  or  ivory  depo- 
sited on  its  upper  surface,  supposing  it  to  be  in  the  lower  jaw. 
'This  scale  we  can  detach  with  our  nail,  and  it  will  present  ex- 
actly the  figure  of  the  future  tooth.  It  may  be  discerned  in  the 
figure  as  the  hounding  line  between  the  body  of  the  tooth  and 
the  enamel.  Successive  scales  continue  to  be  deposited  within 
this,  gradually  diminishing  the  size  of  the  pulp,  until,  at  length, 
nothing  remains  but  the  small  portion  shown  above.  The  body 
of  the  tooth  is  now  formed,  and  the  sac,  which  envelopes  it  as  far 
as  its  neck,  commences  to  deposit  upon  it  the  enamel,  always  in 
a direction  perpendicular  to  the  surface.  The  growth  continuing 
at  the  same  time  at  the  roots,  the  crown  of  the  tooth,  thus 
covered,  is  pushed  up,  and  gradually  cuts  the  gum : in  its  pro- 
gress, also,  necessarily  tearing  the  sac  which  had  deposited  the 
enamel.  From  this  it  is  clear,  that  if  the  enamel  be  in  any  way 
Injured  or  destroyed,  there  are  no  means  for  its  reparation ; and 
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as  we  know  it  to  consist  chemically  of  certain  salts  of  lime,  which  ■- 
are  soluble  in  acids,  we  see  the  danger  of  using  such  application!.  - 
as  contain  them,  and  which  are  too  often  sold  under  the  name  o)  > 
detersive  mixtures,  dentrifices,  &e.  They  certainly  remove  dirt 
or  tartar  from  the  surface,  hut  the}'  as  certainly  remove  with  it  fc 
part  of  the  enamel,  so  that  if  their  use  he  continued,  the  enamel  5 
is  by  degrees  totally  destroyed,  and  the  soft  ivory  left  bare  and  : 
exposed. 

The  enamel  is  the  hardest  production  of  the  animal  body,  so  :. 
hard  that  it  will  strike  with  steel.  Its  use  is,  therefore,  evident, 
where  the  parts  are  subject  to  so  much  attrition  and  friction. 

It  is  usual  to  divide  the  teeth  into  three  kinds,  which,  from: 
their  situation,  are  termed  by  Blumenbach  front  teeth,  corner] 
teeth,  and  back  teeth.  Thus,  if  we  examine  our  owm  mouths,  we. 
shall  find  that  each  jaw  contains  four  of  the  first  kind,  two  of  the 
second,  and  ten  of  the  third,  making  in  all  thirty -two,  which  is 
the  full  number  in  the  adult  human  head. 

The  front  teeth  we  shall  first  examine.  They  were  called  by 
Linnaeus  incisors,  from  their  use  in  cutting  the  food.  In  man, 
it  will  be  observed  that  the  incisors  of  the  upper  jaw  generally 
pass  outside  those  of  the  lower  jaw,  so  that  they  act  like  the 
blades  of  scissors.  When  the  reverse  is  the  case,  the  person  is 
said  to  be  underhung,  and  painters  look  on  this  as  a defect.  In 
the  horse,  these  teeth,  which  are  termed  nippers,  do  not  cross, 
but  meet ; consequently,  in  the  grinding  of  the  food  by  the  back 
teeth,  these  teeth  are  rubbing  against  one  another,  and  are  thus 
subject  to  very  great  wear.  To  enable  them  to  resist  this,  they 
have  an  additional  plate  of  enamel  running  down  the  centre,  and 
when  the  prolongation  of  the  sac,  which  was  sent  in  to  secrete 
this  enamel,  is  taken  away,  a hole  is  necessarily  left  in  the  tooth, 
which,  being  filled  with  particles  of  the  animal’s  food  and  other 
foreign  matter,  is  usually  of  a dark  colour.  This  is  termed  by 
jockeys  tbe  mark,  and  they  judge  of  a horse’s  age  by  it,  as,  of 
course,  when  the  tooth  is  ground  down  the  mark  disappears.  In 
the  rodentia,  or  gnawing  animals,  such  as  the  beaver,  squirrel, 
or  rat,  these  teeth,  being  required  for  cutting  through  very  hard 
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ubstances,  are  shaped  like  a chisel,  and  hy  a beautiful  arrauge- 
ent,  the  enamel  being  placed  in  front,  and  the  ivory  behind,  the 
itter,  which  is  soft,  wears  away  faster  than  the  first,  so  as  to 
-G  eave  the  tooth  always  with  a sharp  edge.  In  these  animals,  also 
he  pulp  is  not  destroyed,  but  remaining  at  the  bottom,  is  con- 
tantly  adding  fresh  matter,  and  pushing  up  fresh  tooth  to  sup- 
Dly  the  waste  above.  The  great  size  of  these  teeth  is  remarkable, 
although  a small  portion  only  of  this  length  appears  through  the 
' gum.  They  represent  the  segment  of  a circle;  and  are  contained 


Lower  Jaw  of  a Squirrel,  with  a section  made  to  exhibit  course  of 
Incisor  Teeth. 


If 

in  a canal  of  bone  which,  in  the  under  jaw,  runs  beneath  the 
: roots  of  the  back  teeth  almost  to  the  very  extremity  of  the  jaw, 
..  so  that,  although  their  anterior  cutting  edge  is  in  the  front  of 
. the  mouth,  their  posterior  extremity  is  behind  all  the  teeth. 

These  teeth  in  man  are  always  perpendicular  in  the  lower  jaw, 
r while  in  other  mammalia  they  are  more  or  less  oblique.  This 
distinction  does  not  hold  in  the  upper  jaw,  as  may  be  seen  in 
t negroes. 


In  homed  animals  that  chew  the  cud,  such  as  the  cow,  there 
are  no  incisors  in  the  upper  jaw.  The  grass  is  gathered  in  by 
their  tongue,  and  cut  by  eight  sharp  incisors  placed  in  the  lower 
jaw,  and  acting  like  a sickle. 

The  corner  teeth,  called  also  canine,  and  eye  teeth',  are  more 
particularly  developed  in  carnivorous  animals,  and  in  them  are 
used  for  the  purpose  of  seizing  and  tearing  their  prey.  The 
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fangs  of  the  Hon  and  tiger  are  good  examples ; also  the  holder > 


of  the  dog.  These  teeth  are,  of  all  others,  most  liable 


varieties,  particularly  when  they  occur  in  graminivorous  animals 
where  they  are  not  required  for  the  above,  which  seems  tbebL- 
more  appropriate,  use.  Thus,  in  the  elephant  they  assume  thill , 
form  of  tusks,  which  are  nothing  more  than  canine  teeth  enor|| 
mously  developed,  and  changed  in  their  use  to  organs  of  defence. 
We  see  the  same  in  the  wild  boar,  where  they  also  serve  for 
rooting  up  the  ground.  In  the  walrus,  these  tusks  are  of  a.  very 
singular  appearance,  and  Sir  Charles  Bell  conjectures  they  may 
serve  as  organs  of  locomotion,  enabling  the  animal  to  drag  up 
its  unwieldy  bulk  on  an  iceberg.  The  long  spear-like  tusk  of  the 
narwhal  belongs  also  to  this  division,  though,  for  anatomical 
reasons,  both  it  and  the  tusks  of  the  elephant  have  been  by  some 
referred  to  the  incisors.  In  the  Sus  babyroussa,  or  stag  hog, 
the  variety  is  still  more  remarkable ; for  the  upper  canine  teeth 
here,  in  place  of  growing  down,  grow  upwards,  penetrate  the 
upper  jaw-bone,  and  bending  back  towards  the  eyes,  form 
almost  a complete  circle.  The  reason  for  this  seems  not  yet  well 
ascertained.  Paley  thought  that  the  animal  slept  standing,  and, 
in  order  to  support  its  head,  hooked  these  tusks  on  the  branches 
of  trees.  This  is  really  so  ingenious,  that  we  almost  regret  not 


Head  of  Sus  babyroussa,  showing  upper  canine  teeth  growing  through  the  upper 
jaw,  and  growing  backwards  : lower  canine  teeth  project  also, 
and  constitute  the  tusks. 
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«0  find  it  confirmed  by  facts.  Sir  Everard  Home  supposes  them 
<o  act  as  a defence  of  the  eyes  when  the  animal  rushes  through 
!!i'  mderwood ; hut  as  other  animals  rush  through  underwood 
without  having  this  defence,  we  can  hardly  consider  the  point  as 
et  decided. 

Neither  is  man  totally  exempt  from  the  law  of  variety  im- 
>ressed  on  this  description  of  teeth,  as  we  know  from  the 
xarnple  of  William  de  la  March,  who,  from  the  prominence 
•7  f his  under  jaw,  and  the  undue  development  of  its  canine 
<eeth,  received  the  well-known  sobriquet  of  ‘the  Boar  of 
Ardennes.’ 

The  teeth  of  fishes  are  not,  in  general,  fitted  for  mastication, 
>ut  rather  for  seizing  and  detaining  them  prey.  They,  there- 
core,  belong  rather  to  this  class.  They  have  the  peculiarity  of 
not  being  formed  like  other  teeth  within  bony  processes  termed 
.Iveoli,  but  externally,  and  rather  in  the  manner  of  horn.  In 
<erpent3,  the  under  jaw  is  always  provided  with  a row  of  teeth, 
lharp  and  hooked.  The  upper  jaw  serves  to  distinguish  between 
the  poisonous  and  non-poisonous  species.  In  the  former,  we 
ind  a moveahle  bone  attached  to  it,  from  which  depend  the 
Engs.  These  are  usually  in  a recumbent  position  towards  the 
>ack  of  the  mouth,  but  when  the  animal  is  excited,  they  are 
wrought  into  a state  of  erection  by  the  action  of  a muscle, 
which,  at  the  same  time,  compressing  the  poison-gland  situated 
♦ieneath  it,  forces  its  contents  through  the  canal  that  communi- 
;ates  with  the  fangs.  These  fangs  are  themselves  hollow  and 
»erforated,  so  that  they  afford  the  poison  a ready  passage  into 
Ihe  wound  which  they  inflict.  The  non-poisonous  serpents  are 
never  possessed  of  these  fangs,  but  in  them  place  have  a double 
ow  of  teeth  in  their  upper  jaw.  It  is  fair,  however,  to  state 
Eat  Cuvier  doubts  whether  some  serpents  without  fangs  may 
lot  be  poisonous.  But  he  adduces  no  direct  example,  and 
eems  to  speak  of  it  rather  as  a matter  requiring  further  obser- 
vation. 

The  back  teeth,  termed  also  molars  or  grinders,  are  the  most 
mportant,  as  it  is  by  their  action  that  the  food,  seized  or 
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divided  by  the  front  or  corner  teeth,  is  more  immediately  pre 
pared  for  digestion.  They  are,  consequently,  the  most  univer- 
sally present,  and  are  found  when  the  others  are  totally  ’ 
wanting,  as  in  the  armadillo.  The  only  exception  to  this  is  the 
narwhal  or  sea-unicom,  which  has  no  tooth  of  any  kind  except 
the  long  spiral  tusk  before-mentioned,  and  classed  with  the 
canine.  In  carnivorous  animals,  the  food,  being  already  animal- 
ized,  requires  less  preliminary  mastication  to  suit  it  for  diges- 
tion. Their  back  teeth  are,  therefore,  nearly  of  the  nature  of 
the  incisors,  and  do  little  more  than  divide  the  food.  A scale 
of  enamel  over  the  crown  of  the  tooth  is,  therefore,  sufficient!  - 
for  their  defence.  But  in  the  graminivorous  animals  the  food 
requires  long  mastication,  in  such  as  chew  the  cud  even  repeated, 
before  it  is  lit  for  the  action  of  the  stomach.  Their  teeth, 
therefore,  suffer  immense  rubbing,  and  were  they  merely  covered 
by  enamel  this  would  soon  be  worn  off,  and  the  body  of  the 
tooth  left  unprotected.  The  arrangement  here,  therefore,  is 
varied,  and  the  tooth  is  composed  of  alternate  perpendicular 
layers  of  enamel  and  bone,  by  which  two  ends  are  gained ; the 
strength  of  the  tooth  is  much  increased,  and  the  bone  wearing  a 
little  faster  than  the  enamel,  always  leaves  a rough  surface  fit 
for  the  purpose  of  grinding.  Mill-stones  are  selected  exactly 
for  this  quality.  They  must  consist  of  hard,  gritty  particles, 
imbedded  in  a softer  and  more  friable  substance : as  this  wears 
away  faster,  the  surface  is  always  rough. 

A lion  or  a tiger  has  killed  its  prejr  in  the  woods,  and  having 
sucked  the  blood,  and  devoured  some  of  the  richest  muscular 
parts,  it  perhaps  retires,  leaving  the  remainder  to  be  fed  on  by 
the  chacal,  the  wild  dog,  or  the  wolf.  These  lie  gorged  around 
it,  and  the  vulture  and  the  carrion  crow  have  picked  from  the 
bones  the  last  shreds  of  flesh  that  adhered  to  them,  while 
myriads  of  flies  hovering  about  deposit  their  eggs  where  they 
know  the  young  maggot,  as  soon  as  hatched,  will  find  its  appro- 
priate nutriment.  The  heat  of  the  sun  soon  brings  them  forth, 
and  they  penetrate  even  into  the  remotest  cavities  of  the  brain 
and  spine.  One  part  of  the  animal,  however,  yet  remains : the 
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(j,  rich  marrow  in  the  long  bones  of  the  legs.  This  is  reserved 
for  the  hyaena,  who,  to  enable  it  to  get  at  this,  is  furnished 
ij]j  svith  molar  or  jaw-teeth  of  immense  strength,  wide  at  the  base 
ju  and  conical.  By  means  of  these  it  breaks  with  ease  even  the 
Larg  t bones  of  the  ox,  the  rhinoceros,  or  the  elephant,  and 
then,  with  its  long  taper  tongue,  licks  out  their  contents. 

This  brings  us  so  directly  to  Professor  Buckland’s  interesting 
s.  dissertation  on  the  bones  found  in  the  Kirkdale  Cave,  Yorkshire, 
5?  that  a view  of  his  course  of  argument  becomes  necessary.  This 
avern  was  discovered  in  the  summer  of  1821,  by  cutting  back 
1 quarry,  and  was  visited  by  Professor  Buckland  in  the  Decem- 
ber of  the  same  year.  He  first  observed  the  means  by  which 
the  mouth  of  the  cavern  had  been  closed,  and  found  it  to  con- 
ist  of  beds  of  loam  and  clayey  sand,  mixed  with  rolled  pebbles ; 
iin  short,  that  description  of  matter  which  is  termed  diluvial, 
from  the  general,  and,  indeed,  almost  unavoidable,  conclusion, 
(that  at  the  time  of  the  Deluge  this  stratum,  in  the  form  of  a 
(thick  mud,  spread  over  the  plains,  covered  the  floors  of  the 
caverns,  and  choked  up  the  fissures  of  the  rocks.  A similar 
Jayer  was  at  the  bottom  of  the  cavern,  and  in  it  the  bones  of  the 
elephant,  rhinoceros,  horse,  ox,  deer,  hyaena,  tiger,  and  other 
Ibeasts  of  prey ; hares,  rats,  and  mice,  and  even  of  some  birds. 
iSuch  animals  could  not  all  have  dwelt  together  in  this  cave ; 
"the  question  then  is  how  their  remains  became  collected.  There 
were  no  rolled  pebbles  at  the  bottom  of  the  cave,  which  would 
have  been  the  case  had  the  bones  been  brought  together  by  the 
action  of  water.  The  bones  were  smooth,  or  rather  flat,  on  one 
side,  as  it  was  found  on  laying  them  down  that  they  only  rested 
easily  in  one  way.  This  Professor  Buckland  referred  to  their 
being  rubbed  by  the  constant  passage  of  animals  over  them. 
They  were  all  broken,  and  the  fracture  was  sharp  and  splintery. 
Some  ox-bones  were  given  to  a liytena  which  happened  to  be 
then  exhibiting  ; they  were  readily  broken  by  the  animal,  and 
on  comparing  them  with  the  fragments  found  in  the  cavern,  a 
striking  similarity  in  the  form  of  fracture  was  observed.  Of 
the  teeth  of  the  hyaena  great  numbers  were  found,  so  that  one 
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man  alone  gathered  more  than  three  hundred  of  them.  Some  oi 
these  fitted  exactly  into  some  of  the  notches  formed  in  the  bones 
by  gnawing. 

Some  round  halls  were  found,  which,  chemically  examined, 
yielded  phosphate  of  lime.  They  were,  therefore,  animal  matter. 
The  keeper  of  a menagerie,  on  being  shown  them,  without 
hesitation  declared  them  to  be  the  droppings  of  the  striped 
hyaena.  Finally,  Professor  Buckland  compared  the  circum- 
stances of  this  cave  with  the  dens  of  living  hyaenas,  and  with 
similar  caverns  discovered  in  Germany,  and  found  a most  exact 
correspondence.  The  conclusion  then  was,  that  this  had  been, 
for  a long  series  of  years,  the  den  of  successive  generations  of 
hyaenas,  and  that  by  them  means  had  been  collected  the  prodi- 
gious quantity  of  bones  belonging  to  such  very  dissimilar 
animals.  As  hyaenas  are  well  known  to  plunder  graveyards, 
and  prey  on  the  remains  of  the  human  subject,  it  is  probable, 
from  no  human  hones  having  been  found  in  this,  or  indeed  in 
any  similar  cavern,  that  these  countries  were  not  peopled  at  the  n 
remote  period  to  which  the  revolution  that  closed  up  these  caves  If 
must  be  referred.  It  is  also  probable  that  the  climate  was  It 
widely  different  from  what  we  enjoy  at  present,  to  admit  of  ( 
the  growth  and  residence  of  some  of  the  animals  we  have  men-  k 
tioned. 

The  grinding  tooth  of  the  elephant  possesses,  in  addition  to  C 
ivory  and  enamel,  a third  matter,  termed  crust  a petrosa,  which  Q 
is  placed  outside  and  around  the  enamel,  and  seems  to  assist  in  a 
maintaining  an  irregularity  of  the  surface.  In  fact,  we  might  c 
almost  consider  this  tooth  as  made  up  of  a number  of  smaller  a 
teeth  united  together  by  their  sides ; and  a vertical  section  will  a 
show  us  the  bone  of  each  of  these  springing  up,  as  it  were,  from  a a 
common  base,  surrounded  by  its  own  enamel,  and  then,  outside  1 
all,  the  crusta  petrosa , resembling  a cement,  holding  all  these 
individual  teeth  together,  and  binding  them  into  one. 

In  the  cut  we  may  distinguish  d,  the  hollow  in  which  the  pulp 
was  lodged,  sending  up  its  various  prolongations  which  served  to 
secrete  c c c,  the  ivory,  outside  which  we  see  b b,  the  enamel,  de- 
posited in  crystals  perpendicular  to  the  surface  of  the  ivory,  and 
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Vertical  Section  of  Elephant’s  Tooth. 


►utside  all,  a a a,  the  crusta  petrosa,  holding  all  together,  and 
idling  up  the  interspaces.  Blake  described  two  parts  external  to 
Jhe  enamel,  the  internal  of  which,  marked  in  our  figure  by  long 
fines  coursing  round  the  surface  of  the  enamel,  he  seemed  to 
consider  as  the  true  crusta  petrosa,  while  the  external,  or 
hat  which  we  have  marked  a,  he  denominated  ‘ adventitious 
matter.’  When  these  two  are  worn  away  by  grinding-  the 
food,  it  is  evident  the  enamel  on  the  tops  of  the  several  denti- 
mli,  or  lesser  divisions  of  the  tooth,  will  appear;  and  the 
difference  of  figure  which  it  pre- 
sents in  the  tooth  of  the  Asiatic 
and  African  elephant  has  fur- 
nished the  grounds  for  deciding 
them  to  belong  to  different  species. 

In  the  former,  the  figure  is  always 
oval,  in  the  latter  something  of  a 
lozenge-shape,  as  may  be  seen  in 
"this  cut,  in  which  A represents  the 
grinding  surface  of  the  tooth  of  an 
■ Asiatic,  b,  of  an  African  elephant . 
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the  white  lines  are  the  enamel,  the  shaded  part  inside  the  white  - 
lines  the  ivory,  and  the  shaded  part  outside  the  white  lines  - 
the  crusta  petrosa  ; all  these,  having  varied  powers  of  resist- 
ance, are  worn  away  unequally,  and  keep  the  surface  permanently  i 
irregular.  X 

The  true  whales  have  no  teeth.  Instead  of  them  they  are 
provided  with  certain  plates  called  whalebone,  solid  at  the  top,  u • 
hut  opening  out  like  a brush  at  the  bottom.  A number  of  these  P 
are  placed  across  the  palate  in  parallel  rows,  from  the  lips  to  the  - 
top  of  the  throat.  However  singular  it  may  appear,  it  is  no  less 
true,  that  whales  feed  on  extremely  minute  animals,  chiefly  of  - 
the  molluscous  kind.  These  are  known  to  exist  in  the  greatest  - 
numbers  in  the  northern  seas,  insomuch  that  Captain  Franklin 
says  the  slightest  thaw  on  an  iceberg  produced  a number  of  little  - 
pools  that  seemed  absolutely  alive,  so  great  were  the  swarms  of  1 
animalcules.  When  the  whale,  then,  wishes  to  feed,  he  opens  his  J 
mouth,  which  is  of  enormous  size,  though  we  may  not  actually  go  1 
so  far  as  to  believe  Sibbald’s  report  that  a sloop  in  full  sail,  with 
all  its  equipage  and  complement  of  men,  was  seen  to  enter  the  - 
open  throat  of  one  that  had  been  cast  away  on  the  shores  of  the 
great  ocean.  The  next  thing  to  be  done,  then,  is  to  swallow  the  1 
food ; but  the  immense  quantity  of  water  by  which  it  is  sur- 
rounded would  be  of  no  use,  or  rather  would  be  a great  incon- 
venience in  the  stomach.  To  get  rid  of  this,  then,  he  makes  : 
the  motion  of  swallowing,  at  the  same  time  stopping  the  true  - 
passage  to  the  stomach.  The  water  is  thus  passed  through  all  : 
these  plates  of  whalebone,  by  which  it  is  completely  strained  i 
of  its  animalcules,  and  arrives  at  the  back  of  the  throat  pure. 
But  here  the  passage  downwards  is  closed  against  it,  so  that  it  is 
forced  upwards  into  two  large  membranous  pouches,  situated  1 
beneath  the  skin.  Strong  muscular  fibres  meet  above  these 
pouches,  by  the  contraction  of  which  they  are  pressed  on,  and 
the  water  thus  finally  expelled  through  the  spiracles  or  blowing- 
holes  with  great  force,  rising  at  times  to  a height  of  thirty 
feet  or  upwards.  Another  use  of  these  spiracles  is,  that  being 
situated  on  the  top  of  the  animal’s  head,  and  communicating 
directly  with  the  windpipe,  they  enable  it  to  breathe  by  just  rising 
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'«  to  the  surface,  without  the  necessity  of  putting  its  mouth  up  out 
•s  of  the  water. 

'•  The  teeth  are  placed  beyond  the  reach  of  the  circulation.  No 
•%  blood-vessels  enter  the  ivory  or  the  enamel ; therefore,  when  once 
cormed,  they  can  never  increase  in  size.  From  this  arises  the 
[necessity,  in  man,  for  the  second  set  of  teeth,  which  are  both 
j,  Larger  and  more  numerous  than  the  first,  to  suit  themselves  to 
the  increased  size  of  the  jaw-bone.  If  the  foetus  he  examined, 
the  second  month  of  conception,  we  shall  find  the  jaw-bone 
just  commencing  to  be  formed.  In  the  fourth  month  the  rudi- 
ments of  twelve  teeth,  that  is,  the  pulps  from  which  they  are  to 
be  formed,  appear,  supplied  with  blood-vessels  and  nerves.  At 
birth,  the  mouth  shows  no  marks  of  teeth,  but,  like  the  mouths 
of  the  lower  orders  of  animals,  is  nothing  more  than  a sucking 
crifice.  The  rudiments,  however,  of  two  sets  of  teeth  are  at  that 
moment  contained  in  the  jaws ; for  after  the  pulps  of  which  we 
have  spoken  have  nearly  formed  the  first  set,  they  each  send  off 
si  little  pulp  like  a bud,  which  seems  to  spring  from  their  sides, 
and  is  destined  for  the  formation  of  the  second  set.  The  first 
iset  are  termed  the  deciduous  or  milk-teeth.  They  are  twenty  in 
murnber,  and  appear  at  veiy  irregular  intervals.  The  first  to 
•come  up  are  the  centre  incisors  of  the  lower-jaw,  then  in  a short 
"time  after,  perhaps,  those  which  oppose  them  in  the  upper.  These 
may  be  usually  looked  for  about  the  fifth  or  sixth  month,  but 
sometimes  appear  as  early  as  the  third.  The  other  incisors  then 
cut  the  jaw,  then  the  most  anterior  of  the  jaw-teeth,  and  last  of 
all  the  hinder  jaw-teeth,  which  do  not  rise  till  the  beginning  of 
the  third  year.  To  these,  in  the  adult  set,  are  added  three  more 
jaw-teeth,  for  which,  in  fact,  there  is  no  room  at  present,  as  will 
be  seen  in  this  cut. 
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In  the  sixth  and  seventh  years  the  jaws  have  grown  so  much 
that  they  are  too  large  for  the  teeth.  Spaces  are  left  between 
them,  they  get  loose  and  begin  to  fall  out.  The  permanent  teeth 
spring  up  in  their  place,  but  it  is  not  until  eighteen  or  twenty 
that,  the  jaw  having  acquired  its  full  size,  the  hindermost  jaw- 
tooth,  commonly  called  the  wisdom-tooth,  has  room  to  rise,  and 
then  the  process  of  dentition  is  complete.  As  the  teeth  are 
destined  to  undergo  a constant  and  considerable  degree  of 
pressure,  they  are  provided  with  a sort  of  springiness  or  elasti- 
city at  the  bottom,  which  gives  them  a constant  tendency  to 
rise.  The  result  of  this  is  very  evident  when  a tooth  is  lost;  for 
then  the  one  opposite  it  being  no  longer  pressed  on,  except 
indirectly,  is  very  apt  to  rise  in  the  jaw,  and  so  become  loose  and 
drop  out  in  its  turn. 

In  animals,  such  as  the  heaver, 'in  whom  the  tooth  constantly 
grows  from  the  bottom,  it  becomes  so  long  as  to  be  a positive 
inconvenience,  if  the  animal  he  restrained  from  gnawing  hard 
substances.  In  the  elephant,  the  mode  in  which  the  tooth  cuts 
the  gum  is  from  behind  forward ; and  as  the  front  layers  are 
worn  down,  fresh  layers  are  added  behind,  and  fresh  teeth  formed. 
If  this  animal  he  confined  wholly  to  soft  food,  the  tooth  in  front 
is  no  longer  worn  down  fast  enough ; and  matter  continuing  to 
be  added  behind,  the  layers  become  crusted  together  in  a most 
extraordinary  manner,  as  may  he  seen  in  a tooth  preserved  in  the 
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Museum  of  the  College  of  Surgeons. 


The  jaws  are  joined  together  in  such  a manner  as  to  allow 
motion  suited  to  the  teeth.  Thus  in  carnivorous  animals  we 
have  said  the  teeth  were  chiefly  used  in  cutting  their  food,  and 
closed  the  one  within  the  other,  like  the  blades  of  scissors.  The 
only  motion  necessary  here,  then,  is  a direct  up-and-down  motion, 
such  as  would  be  given  by  a hinge,  and  this  consequently  is  all  I j 
that  they  are  allowed ; the  lower  jaw  being  closely  locked  into  a » - 
deep  cavity  of  the  upper.  In  graminivorous  animals,  where  the  I - 
molar  teeth  have  broad  flat  surfaces  for  grinding,  this  motion  • 
would  no  longer  be  sufficient.  In  them,  therefore,  the  jaws  are  J • 
united  by  surfaces  playing  freely  over  each  other,  and  allowing  an  | • 
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extensive  motion  from  side  to  side.  They  have  also  the  former  or 
ilinge-like  motion,  which  is  necessary  to  enable  them  to  crop 
their  food.  But  there  is  still  a third  kind  of  motion,  by  which 
the  lower  jaw  is  thrust  from  behind  forward.  It  is  observed  in 
the  odentia,  or  gnawing  animals,  in  whom  it  is  necessary  for  the 
advantageous  employment  of  then  chisel-shaped  front-teeth,  and 
fin  fact  is  that  motion  by  which  the  rat  or  the  beaver  so  quickly 
gnaws  through  a piece  of  timber.  The  instinct  that  teaches 
animals  to  avail  themselves  of  the  peculiarities  of  then  organiza- 
tion is  well  displayed  in  a passage  from  that  most  interesting  little 
work,  White’s  Natural  History  of  Selborne. 

* There  are  three  creatines,  the  squirrel,  the  field-mouse,  and 
fche  bird  called  the  nuthatch,  which  live  much  on  hazel-nuts,  and 
yet  they  open  them  each  in  a different  way.  The  first,  after 
rasping  off  the  small  end,  splits  the  shell  into  two  with  his  long 
fore-teeth,  as  a man  does  with  his  knife ; the  second  nibbles  a 
hole  with  his  teeth  as  regular  as  if  drilled  with  a wimble,  and 
yet  so  small  that  one  would  wonder  how  the  kernel  can  be 
extracted  through  it ; while  the  last  picks  an  irregular  ragged 
Hiole  with  its  bill.  But  as  this  artist  has  no  paws  to  hold  the 
nut  firm  while  he  pierces  it,  like  an  adroit  workman,  he  fixes  it 
as  it  were  in  a vice  in  some  cleft  of  a tree,  or  hi  some  crevice, 
■when,  standing  over  it,  he  perforates  the  stubborn  shell.  We 
have  often  placed  nuts  in  the  chink  of  a gate-post,  where  nut- 
hatches have  been  known  to  haunt,  and  have  always  found  that 
these  birds  have  readily  penetrated  them.  While  at  work  they 
make  a rapping  noise  that  may  be  heard  at  a considerable  dis- 
tance.’ 

All  the  kinds  of  motion  we  have  mentioned  exist  in  the  jaws 
of  man.  The  hinge-like  motion  is  used  in  biting  our  food ; the 
lateral  in  chewing  it.  For  the  motion  from  behind  forwards 
there  does  not  appear  any  particular  necessity,  but,  that  we  have 
it,  any  one  can  convince  himself,  by  moving  his  under  jaw  beyond 
3ns  upper.  The  different  direction  of  the  teeth  prevents  its  being 
tit  all  applicable  to  the  same  use  as  in  the  rodentia.  From  this 
■variety  of  motion,  from  the  form  of  our  teeth,  and  structure  of 
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our  digestive  canal,  physiologists  have  determined  that  man  is  k: 
not,  like  other  animals,  confined  either  to  flesh  or  grass,  but  is  i 
omnivorous,  that  is,  capable  of  living  on  all  kinds  of  food.  Were  V 


rature  would  be  of  no  use.  In  the  snowy  regions  of  Tierra  del 
Fuego,  or  the  icebound  coasts  of  the  Northern  Sea,  no  vegetables 
are  to  be  had  for  many  months  of  the  year.  During  this  time. 


appear  as  vigorous  and  healthy  on  it  as  those  of  the  temperate 
zone  do  on  a mixed  diet.  In  the  torrid  zone,  on  the  contrary, 


for  their  subsistence,  and  where  their  numbers  would  be  con- 


longer  depend  upon  animal  food,  but  find  its  place  amply  supplied  I 
by  numerous  and  valuable  vegetable  productions.  It  is  here  the  »- 
cocoa-nut  and  plantain  flourish;  the  yam,  cassava,  and  other  T 
roots ; the  rice  and  millet,  while  a thousand  cooling  and  refresh- 
ing  fruits  invite  by  their  flavour  to  that  description  of  diet  which  I 
is  most  suitable  to  these  countries. 

During  mastication,  the  food  is  constantly  mixed  with  the  1 
saliva,  which  is  supplied  by  three  glands  on  each  side,  called  j 
salivary.  The  first  of  these  is  placed  before  the  ear,  or  rather  in  I 
the  narrow  space  between  the  lower  part  of  the  ear  and  the  J? 
ascending  branch  of  the  lower  jaw-bone,  which  can  be  felt  in  this  { 
place.  From  this  situation,  it  is  termed  parotid*  A canal  I 
running  from  it  opens  into  the  mouth,  nearly  opposite  the  second  j 
jaw-tooth.  The  second  of  these  glands  is  the  submaxillary,  j' 
placed,  as  its  name  indicates,  beneath  the  lower  jaw.  The  third  T 
is  the  sublingual , placed  beneath  the  tongue,  and  both  those  |; 
dischai'ge  their  secretion  on  the  floor  of  the  mouth.  This  secre-  1 
tion  is  known  under  the  name  of  saliva,  or  spittle,  and  its  evident 
use  is  to  moisten  and  form  into  a paste  the  food  as  it  is  chewed,  I ' 
which  without  this  would  only  be  reduced  to  a dry  powder  j 


he  otherwise,  his  faculty  of  supporting  all  varieties  of  tempe- 


therefore,  the  inhabitants  use  a wholly  animal  diet,  and  they 


where  flocks  and  herds  would  languish  beneath  the  heat  of  the 
tropical  sun,  where  scarcely  sufficient  grass  could  often  be  found 


stantly  diminished  by  the  attacks  of  beasts  of  prey,  mankind  no 


From  sropa,  near,  and  ow,  the  ear. 
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ij  sxtremely  difficult  to  swallow ; it  is  supposed  also  to  assist  a littlo 
is  u the  digestion  of  the  food,  having  the  power  of  changing  the 
$ usoluble  starch  that  we  eat  into  sugar,  which  being  soluble  is 
;.  nore  readily  absorbed.  The  saliva  is  poured  into  the  mouth 
el  nost  abundantly  at  the  time  of  meals,  when  it  is  most  wanted. 

3 Ehe  quantity  afforded  to  one  single  meal  is  stated  at  about  six 
»unees,  but  this  of  course  must  be  a very  rough  guess,  as  it  will 
T o>e  greatly  altered  by  the  more  or  less  stimulating  nature  of  the 
ood,  the  quantity  of  moisture  it  contains,  and  other  such  circum- 
stances. The  influence  of  the  mind  over  the  salivary  glands  is 
well  marked.  The  mouth  waters  when  we  see,  or  with  some 
»ven  when  they  read  of,  a savoury  dish,  and  that  the  same  feeling 
sxtends  to  lower  animals  any  one  will  admit,  who  has  seen  a dog 
.ooking  wishfully  at  a joint  of  meat  roasting  before  the  fire,  with 
his  head  placed  to  one  side,  and  a long  clear  string  of  saliva 
hanging  from  his  lips.  These  glands  are  abundantly  supplied 
with  nerves,  and  an  intimate  connexion  seems  to  exist  between 
rheir  action  and  the  action  of  certain  glands  in  the  stomach,  of 
which  we  shall  have  occasion  to  speak  afterwards.  This  is 
svinced  by  a case  mentioned  by  Dr.  Copland,  in  which  a maniac, 
attempting  to  commit  suicide,  missed  the  principal  blood-vessels, 
but  divided  the  oesophagus,  or  gullet.  In  the  attempts  to  pre- 
serve his  life,  food  was  introduced  into  his  stomach  by  a tube,  to 
I prevent  the  reopening  of  the  wound  which  would  necessarily 
follow  any  attempt  at  the  ordinary  mode  of  swallowing.  As 
eoon  as  the  food  had  reached  the  stomach,  an  abundant  secretion 
took  place  from  the  salivary  glands  of  the  mouth,  though  of 
course  there  was  no  attempt  at  mastication.  This  is  interesting, 
as  showing  the  sympathy  established  between  parts  intended  to 
assist  in  the  same  operation. 

The  saliva  is  a clear  viscid  fluid,  consisting  in  a great  measure 
of  water,  containing  a little  mucus,  a peculiar  animal  matter 
-termed  ptyalin,  and  some  earthy  salts.  In  the  natural  state  of 
•the  tongue  and  organs  of  taste  this  saltness  is  not  perceived,  but 
> after  fevers,  when  the  thick  black  crust,  which  in  them  so  often 
covers  the  tongue,  has  peeled  off,  and  left  the  tongue,  as  it  were, 
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almost  raw,  the  extremities  of  the  nerves  of  taste  distributed  to 
the  tongue  become  remarkably  sensible,  and  then  it  is  veiy 
common  to  hear  patients  complain  of  a salt  taste  in  their  mouths. 
This  liquid  serves  not  only  to  make  into  a paste  the  food  when 
chewed,  but  also  to  keep  the  organs  of  taste  in  that  state  of 
moisture  necessary  for  the  proper  execution  of  their  functions.* 
We  may,  therefore,  expect  to  find  the  glands  from  which  it  comes 
large  and  numerous  in  those  animals  whose  food  requires  long 
and  laborious  chewing,  and  on  the  other  hand  diminished,  or 
altogether  absent,  where  the  food  is  swallowed  down  as  taken,  or 
where  the  tongue,  hard  and  homy,  must  be  totally  deprived  of 
all  discrimination  of  tastes.  And  such  is  really  the  case : the 
ruminating  animals  are  well  known  to  be  those  whose  food 
requires  the  most  continued  mastication,  and  in  them  we  find  the 
whole  mouth,  as  it  were,  set  round  with  these  glands,  and  even 
new  ones  added,  which  are  not  to  be  found  in  man.  The  carni- 
vorous animals,  such  as  the  lion  and  tiger,  who  greedily  swallow 
their  prey  after  a few  hasty  cuts  with  the  teeth,  are  much  worse 
provided  in  this  respect ; while  many  fishes  who  swallow  their 
prey  whole,  and  in  whom,  as  we  have  said,  the  teeth  are  rather 
organs  of  prehension  than  of  mastication,  are  totally  devoid  of. 
anything  that  can  properly  be  called  a salivary  gland. 

The  influence  of  situation  is  also  to  be  observed  here.  The 
camel  has  an  apparatus  found  in  no  other  animal,  for  moistening 
the  hack  part  of  its  throat,  over  and  above  the  abundant  supply 
of  salivary  glands  which  it  possesses  in  common  with  other 
ruminantia.  How  beautifully  suited  to  the  wants  of  this  ‘ ship 
of  the  desert !’  The  ostrich,  of  all  birds,  has  the  most  abundant 
salivary  apparatus.  ‘They  are  collected,’  says  Cuvier,  ‘in  a 
crescent-shaped  mass,  which  runs  along  the  edges  of  the  tongue, 
and  forms  the  greatest  part  of  its  bulk.  Their  moisture  is  poured 
out  from  a crowd  of  orifices  pierced  on  the  inferior  surface  of  this 
organ.’  Now  compare  with  these  inhabitants  of  ‘ the  barren  and 
dry  land,’  those  of  their  own  class  which  are  most  directly  opposed 
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> them  in  their  habitations ; with  the  camel  compare  the  whale, 
hich  equally  with  itself  belongs  to  the  great  class  Mammalia ; 
ith  the  ostrich  compare  the  water-fowl,  which  can  equally  claim 
ae  name  of  a bird,  and  we  shall  find  in  these  latter,  the  salivary 
lands,  either  quite  obliterated  or  so  reduced  in  size,  as  merely  to 
nark  the  place  which  in  other  animals  they  would  occupy.  In 
rrpents,  it  is  one  of  these  glands  that  is  used  for  the  secretion  of 
oison,  but  the  expulsion  of  this  poison  is  always  determined  by 
voluntary  act  of  the  serpent,  and  connected  with  the  erection  of 
ae  fang;  and  it  is  remarkable,  that  though  so  deadly  when 
lstilled  into  a wound,  it  is  perfectly  harmless  when  swallowed, 
s we  learn  from  the  experiments  of  Fontana. 

During  mastication,  then,  the  parts  of  the  mouth  are  in 
nntinual  action.  The  tongue  presses  the  food  under  the  teeth, 
ae  side  muscles  prevent  it  collecting  between  them  and  the 
ws,  the  lips  close  to  prevent  it  falling  out,  and  the  salivary 
nets  bring  a constant  supply  of  liquid  to  moisten  and  soften  it. 
•/hen  the  food  has  undergone  all  this,  it  is  then,  but  not  till 
aen,  fit  for  deglutition  or  swallowing.  This  is  what  we  have 
xt  to  consider. 

Immediately  behind  the  mouth  is  placed  a funnel-shaped 
xg,  p,  termed  pharynx,  surrounded  by  muscles,  The  lower 
id  of  this  terminates  in  the  gullet,  or  oesophagus,  b,  leading 
rectly  to  the  stomach.  In  front  of  this  gullet  is  placed,  just 
the  root  of  the  tongue,  E,  the  opening  of  the  windpipe,  a,  and 
e peculiar  little  lid,  e,  termed  epiglottis,  which  shuts  down 
hen  anything  is  to  he  swallowed,  so  as  to  prevent  the  least 
umb  or  drop  from  getting  in.  In  the  interval  that  separates, 
i.  it  were,  the  mouth  from  the  pharynx,  hangs  down  a moveable 
-ched  curtain,  which  any  one  may  see  in  himself  by  the  assist- 
nce  of  a looking-glass.  It  is  in  the  form  of  a double  arch, 
•om  the  centre  of  which  hangs  the  long  moveable  glandular 
ody,  u,  called  from  its  resemblance  to  a grape,  uvula.  A little 
irther  back,  we  can  still  perceive,  by  the  aid  of  the  looking- 
lass,  another  pair  of  arches  joining  these  at  the  point  from 
hich  the  uvula  springs,  but  separated  from  them  below,  and 
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in  this  interval  are  placed  the  tonsils,  which  are  so  often  swelled 
in  a cold,  accompanied  by  a sore  throat.  These  tonsils  are 
glands  pouring  out  a mucous  secretion,  and  their  use  in  this  ' 
place  is  to  lubricate  the  food  and  assist  it  in  its  passage  down- 


Out  showing  Progress  of  Food  from  Mouth  to  Stomach  ; opening  of  Windpipe; 
posterior  Nostrils,  &c. 


M »*  m 1 ' ■■  — 


DIGESTION. 


65 


.-ards.  Behind  and  above  these  arches  the  passages  from  the 
^ losterior  nostrils  open  also  into  the  pharynx  at  the  point  n,  and 
3 uring  the  act  of  swallowing,  these  curtains,  canned  back  by 
;•  heir  muscles,  are  applied  against  these  openings,  so  as  to  pre- 
•ent  any  of  the  food  getting  into  them.  If,  in  the  act  of  swal- 
jwing,  a strong  exertion  be  made,  such  as  a burst  of  laughter, 
diis  bander  will  be  forced,  and  the  food  partly  expelled  through 
le  nostrils.  The  same  often  occurs  in  the  act  of  vomitinsr. 
"he  returning  smoke  through  the  nostrils  is  very  common,  and 
an  be  acquired  by  any  one  who  thinks  it  worth  his  while  to 
xactise  it.  It  is  merely  necessary  to  make  the  preliminary 
notions  of  swallowing,  and  when  the  smoke  is  got  as  far  as 
ae  pharynx,  then  suddenly  to  cease.  The  velum  drops,  and  the 
moke,  by  the  slightest  compression,  is  returned  through  the 
ostrils,  the  only  passages  now  open  to  it.  A reference  to  the 
Ibove  cut  will  at  once  make  this  plain.  Besides  the  openings 
-e  have  already  mentioned,  in  this  funnel-shaped  bag,  there 
ire  two  more  placed  towards  its  side  and  upper  part.  These 
ire  the  tubes  leading  from  the  ears.  We  shall  have  occasion 
z)  mention  their  uses  when  speaking  of  the  organs  to  which 
uey  lead.  At  present,  we  shall  only  say,  that  inflammations 
iropagated  along  them,  explain  to  us  why  a slight  deafness  is 
:>  often  combined  with  colds  affecting  the  glands  and  linino- 
nembrane  of  the  throat.  The  pharynx  extends  to  about  the 
liddle  or  even  the  lower  third  of  the  neck,  and  here  it  termi- 
ates  in  the  gullet,  just  as  a funnel  might  terminate  in  a tube 
userted  into  its  narrowest  end.  The  gullet  is  a muscular  cylin- 
rical  tube  placed  behind  the  windpipe,  and  between  it  and  the 
ackbone.  In  this  situation,  it  runs  along  the  neck,  and 
retting  into  the  chest,  begins  to  deviate  slightly  towards  the 
eft ; still,  however,  keeping  close  to  the  backbone.  It  runs 
.ehind  the  heart  and  lungs,  and- penetrating  d,  the  diaphragm 
r great  muscle  that  separates  the  chest  from  the  belly,  it  ter- 
ninates  by  entering  the  stomach,  c,  close  to  its  left  upper 
Extremity.  It  has  two  muscular  coats,  by  means  of  which  the 
ood  is  carried  to  the  stomach,  and  it  is  lined  with  a continuation 
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of  the  same  smooth  cuticular  membrane  that  we  see  on  the 
inside  of  the  mouth.  This  lining  membrane  suddenly  changes 
its  qualities  and  appearance  as  soon  as  it  enters  the  stomach : 
but  it  is  from  its  continuity  with  the  general  lining  membrane 
of  the  intestinal  canal,  that  physicians  judge  of  the  state  of 
the  latter,  by  the  appearances  observed  on  the  surface  of  the 
tongue. 

We  are  now  called  to  observe  the  progress  of  deglutition. 
The  morsel,  when  sufficiently  chewed  and  mixed  with  saliva,  is 
collected  by  the  assistance  of  the  lips,  cheeks  and  tongue,  from 
all  parts  of  the  mouth.  It  is  placed  on  the  back  of  the  tongue ; 
the  jaws  are  closed;  the  tongue,  pressing  against  the  palate, 
forces  the  morsel  backwards  towards  the  pharynx ; at  the  same 
moment,  the  pharynx  is  drawn  rather  upward  and  forward*  to 
meet  it ; the  windpipe  is  raised,  as  any  one  may  feel  on  going 
through  the  motions  of  swallowing,  and  brought  under  cover  of 
the  epiglottis — in  this  way  the  food  is  prevented  from  getting 
into  the  air-passages ; at  the  same  time  the  posterior  arches  of 
the  palate  come  together  like  a pair  of  curtains,  closing  the 
road  to  the  back  of  the  nostrils ; there  is  only  one  passage  left 
to  the  morsel,  which  is  seized  by  the  constrictors  of  the  pharynx, 
and  driven  into  the  (Esophagus ; the  circular  muscles  of  the 
oesophagus  now  come  into  play,  and  acting  in  succession  from 
above  downwards,  they  with  great  rapidity  drive  the  morsel* 
along  the  whole  tube  until  it  is  safely  lodged  in  the  stomach. 


* This  motion  is  principally  produced  by  the  digastric  or  two-bellied  muscle, 
to  which  we  before  alluded,  and  which  has  the  singular  conformation  of  a fleshy 
belly  at  each  end,  and  the  tendon  in  the  centre.  The  object  of  this  is  obvious  to 
any  one  who  looks  at  the  muscle.  The  part  on  which  it  is  chiefly  to  act , is  the 
top  of  the  gullet,  which  is  here  supported  by  a bone  called  U-shaped  (hyoid), 
because  it  assumes  something  of  the  form  of  this  letter,  sending  its  branches  along 
the  sides  of  the  passage,  and  haring  the  windpipe  attached  to  its  rounded  extre- 
mity, which  is  in  front.  The  digastric  muscle  arises  in  the  front  from  the  chin, 
and  behind  from  a hard  projection  which  may  be  felt  a little  posterior  to  the  car. 
Its  branches  descend  something  in  the  shape  of  a V,  and  just  at  their  angle  are 
implanted  into'.the  sides  of  the  U-shaped  bone,  haring  previously  passed  through 
a noose  left  for  them  between  the  fibres  of  another  muscle.  For  both  t hese  pur- 
poses, it  was  necessary  the  tendon  should  be  in  the  middle,  as  the  fleshy  belly 
always  grows  thicker  when  a muscle  contracts,  and  therefore  would  constantly 
be  squeezed  by  the  noose,  or  would  tear  its  fibres  asunder : it  would  also  be  very 
clumsy  to  attempt  attaching  it  to  so  small  a bone.  Both  these  difficulties  are 
avoided  by  the  present  arrangement. 
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His  will  show  that  the  food  does  not  descend,  as  is  commonly 
rapposed,  by  its  own  weight.  Were  this  the  case,  how  could  a 
Lorse  swallow,  whose  head,  in  grazing,  is  much  lower  than  his 
Itomach  ? It  also  explains  the  feat  performed  at  Sadler’s  Wells, 
»y  the  tumbler,  who,  standing  on  his  head,  used  to  drink  a glass 
f me  to  the  great  astonishment  of  our  forefathers,  who  could 
ot  imagine  how  he  got  it  to  go  up.  We  have  seen,  then, 
1 low  the  food  is  prepared  for  and  carried  to  the  stomach : our 
' ext  inquiry  must  be  into  the  nature  of  the  changes  it  there 
~ i ndergoes. 
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Chapter  IY. 

DIGESTION. 

Of  the  Stomach,  and  what  taJces  place  there. 
Of  Hunger,  Thirst,  and  Food. 


1 jPlIE  stomach  is  an  organ  that  varies  much  in  size,  form  and 
JL  structure,  according  to  the  food  of  the  animal.  These  varieties 
re  always  shared  by  the  rest  of  the  intestinal  canal ; and  as 
-iey  are  in  direct  relation  with  the  varieties  of  the  teeth,  we 
an  from  the  latter,  which  we  may  call  external,  draw  certain 
conclusions  respecting  the  former,  which  are  internal.  Now, 
5 s the  whole  animal  frame  is  powerfully  influenced  by  the 
ature  of  the  digestive  apparatus,  without  which,  in  fact,  no 
mimal  body  can  exist,  the  wonderful  importance  of  the  teeth, 
a an  index  to  the  whole  structure,  becomes  at  once  evident. 
u.s  flesh,  having  been  already  part  of  an  animal  body,  seems 
;*  ;i°re  ready  to  enter  into  such  a combination  again,  carnivorous 
J snimals  have  a small  simple  stomach  of  little  power  or  muscular 
-)rce.  The  intestinal  canal  also  is  short,  slender,  and  not  much 
• Convoluted,  or  folded  on  itself.  We  need  scarcely  add  how 
uited  this  is  to  the  light  and  agile  forms  necessary  for  beasts  of 
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prey.  In  graminivorous  animals  tlie  reverse  is  ike  ca:-c-.  Every- 
thing seems  here  done  to  detain  the  food  for  as  long  a period 
as  possible,  in  order  that  time  may  be  afforded  for  extracting 
all  the  nutritious  matter  it  may  contain.  And  the  nature  of 
vegetable  food,  little  prone  to  putrefaction,  favours  this  design. 
The  stomach  increases  in  complexity,  ascending  through  the 
non-ruminant  up  to  the  ruminant  animals.  In  these  latter, 
there  are  actually  four  stomachs,  the  internal  surface  of  which 
is  rendered  as  extensive  as  possible,  by  being  thrown  up  into 
numerous  folds  and  wrinkles.  The  intestines  are  long,  and  fre- 
quently twisted,  so  as  to  afford  constant  interruptions  to  the 
onward  passage  of  the  food.  In  consequence,  their  hulk  is 
generally  great,  their  bodies  unwieldy,  and  their  motions  slow. 
Were  such  animals  as  the  elephant  or  the  ox  to  attempt  living 
by  the  chase,  the  lesser  and  more  active  animals  would  escape 
from  their  grasp ; they  would  soon  die  of  hunger,  or  be  driven 
to  their  natural  food,  the  fruits  of  the  earth. 

The  human  stomach  will  be  found,  as  it  were,  a medium 
between  those  opposite  extremes.  Some  of  its  provisions  appear 
suited  to  animal,  some  to  vegetable  food : and  thus  we  have  au 
additional  proof  that  man  is  an  omnivorous  animal.  It  is 
capable,  in  its  natural  state,  of  containing  two  or  three  pints  of 
fluid,  and  resembles  a bag  stretched  across  the  upper  part  of 
the  abdomen  from  left  to  right.  Its  left  extremity  is  the  ’ 
largest,  and  close  to  this  the  oesophagus  enters. 

In  the  subjoined  cut  we  see  the  form  of  the  stomach  when 
moderately  distended,  its  situation  at  the  upper  part  of  the 
abdomen,  the  mode  in  which  the  oesophagus  terminates  in  it, 
forming  what  is  called  the  cardiac * orifice,  and  its  own  nar-  \ 
rowing  and  termination  in  the  duodenum,  or  first  part  of  the  | 
intestine,  which  is  its  pyloricr\  orifice.  We  may  also  observe 
the  greater  curvature,  which  being  free,  is  thrown  forward  when 


. 
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* Cardiac , next  the  heart ; from  *ap5 ia,  the  heart. 

f Pyloric,  from  7tvAtj,  a gate,  and  ovpos.  a guardian;  from  the  old  idea  that 
this  orifice  acted  like  a porter,  to  prevent  the  passage  of  anything  improper  into 
the  intestines. 
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he  stomaeli  is  full,  and  as  a large  artery  runs  along  its  edge, 
my  cutting  instrument  entering  the  abdomen  at  this  time,  would 
5e  peculiarly  dangerous,  from  the  exposed  situation  of  this  vessel. 
VI.  orrey,  indeed,  mentions  having  seen  a soldier,  after  dinner, 
•eceive,  by  accident,  a wound  with  the  point  of  a sword,  which,  to 
til  appearance,  was  of  so  little  depth  as  not  to  excite  any  alarm. 


Stomach  in  situ . 


The  heart,  contained  in  its  own  sac,  termed  th Q pericardium. 

The  aorta,  or  great  artery  of  the  body. 

The  right  lung. 

The  left  lung. 

The  stomach ; of  which  c is  the  cardiac,  and  p the  pyloric  extremity. 

The  duodenum,  or  first  part  of  the  intestine. 

The, gall-bladder,  from  which  we  see  the  duct  through  which  the  gall  or 
bile  is  conveyed  into  the  duodenum. 

H rhe  liver,  which  in  its  natural  state  would  lie  down,  covering  part  of  tho 
stomach  and  duodenum,  but  is  here  represented  as  drawn  up  so  as  to 
show  these  parts  and  the  gall-bladder  which  is  on  its  posterior  surface. 

I he  diaphragm,  through  which  the  (esophagus  penetrates  iust  at  e,  to 

become  the  cardiac  end  of  the  stomach. 

E K Ends  of  the  ribs  which  have  been  cut  through  in  removing  the  front  of 
the  breast,  so  as  to  give  a view  of  the  parts  within. 

The  pancreas,  or  sweetbread. 

Ihe  trachea,  or  windpipe,  which  immediately  after  divides,  sending  a 
branch  to  each  lung. 
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To  his  astonishment,  however,  the  man  sunk  with  extreme 
rapidity,  in  spite  of  all  attempts  to  rally  him;  and  on  opening 
him  after  death,  the  whole  cavity  of  the  abdomen  was  found  i 
filled  with  blood  discharged  from  an  opening  in  this  vessel. 
When  the  stomach  is  empty,  the  great  curvature  hangs  down, 
and  the  vessel  is  then  quite  out  of  the  way  of  such  an  accident,  i £ 
The  lesser  curvature  is  above,  running  between  the  cardia  and 
pylorus.  The  coats  of  the  stomach  may  be  reduced  to  three, 
whose  office  is  distinct  and  well  marked.  Externally,  it  has  a 
serous  coat ; that  is,  the  general  serous  lining  of  the  abdomen 
folds  itself  over  the  stomach,  in  like  manner  as  it  envelopes  the 
liver,  the  intestines,  and  all  other  contained  parts  having  a 
certain  power  of  motion  amongst  themselves.  And  this,  it  will 
he  remembered,  was  before  stated  as  the  general  use  of  serous 
membranes,  to  afford  a smooth  and  lubricated  surface,  by  which 
neighbouring  organs  should  glide  freely  one  over  the  other. 
This,  then,  is  the  first  coat ; but  besides  enveloping  the  stomach, 
it  is  continued  on  beyond  its  greater  curvature,  and  hangs  down 
like  an  apron  over  the  intestines,  dividing  itself  on  its  return  to 
contain  between  its  folds  the  arch  of  the  colon,  or  great  intestine. 
This  extension  of  the  serous  covering  is  termed  the  omentum,  or 
caul.  It  is  generally  loaded  with  fat,  hut  in  the  intervals 
presents  its  true  appearance  of  a thin  transparent  membrane. 
Every  one  is  familiar  with  the  use  made  of  it  by  butchers  in 
adorning  the  front  of  their  lamb,  veal,  and  other  young  meats. 

A prolongation  of  this  same  coat  towards  the  liver,  is  termed  the 
lesser  omentum.  The  second  coat  is  the  muscular,  which  is 
perhaps  best  seen  by  inflating  the  stomach,  drying  it,  cutting  it 
open,  and  then  holding  it  between  you  and  the  light.  In  this 
way,  muscular  fibres  may  be  seen  running  along  its  sides  in 
great  numbers,  and  a variety  of  directions.  It  has  been  usual  to 
class  them  into  three  orders,  the  first  of  which  are  longitudinal, 
or  run  from  the  cardia  along  the  sides  and  curvatures  to  the 
pylorus ; the  second  transverse,  or  cutting  these  at  right  angles ; 
while  the  third  seem  to  wind  round  in  an  irregularly  cylindrical 
manner,  giving  the  stomach  its  peculiar  vermicular  motion,  while 
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: fc  depends  for  contraction  in  length  and  breadth  on  the  two 
inner  orders  of  fibres.  The  stomach,  however,  does  not  from  all 
hese  receive  a perfectly  continuous  investment ; it  is  rather  a 
ort  of  surrounding  netwoi’k,  in  the  in- 
's servals  of  which  the  other  coats  appear ; 
d Dr.  Knox  and  Sir  David  Brewster, 
aving  taken  a part  of  a fresh  stomach, 

.cerated  it,  placed  it  between  two 
lates  of  glass,  and  in  this  position  in- 
. erposed  it  between  them  and  the  rays 
if  a very  bright  sun,  were  enabled  to 
perceive  an  arrangement  of  fibres  around 
he  interstices,  of  which  this  is  a magni- 
Led  representation. 

We  see  here  the  longitudinal  fibres,  the  transverse  cutting 
Ihem,  and  the  irregularly  cylindrical  taking  off  the  corners  of  the 
intercepted  space,  so  as  to  present  in  miniature  what  occurs  on 
large  scale  in  the  camel’s  stomach,  where,  as  we  shall  have 
i »ccasion  to  see  afterwards,  those  very  little  interstices  become 
mlarged  into  the  receptacles,  by  means  of  which  it  retains  the 
: upply  of  water  necessary  for  its  thirsty  pilgrimage.  The  fibres 
re  found  in  greatest  number  about  the  two  orifices,  particularly 
I he  lower  or  pyloric.  The  pylorus  is  nothing  more  than  a fold  of 
he  internal  coat  projecting  into  the  stomach  itself,  or  forming, 
it  were,  a screen  between  it  and  the  duodenum,  perforated  in 
he  centre,  and  surrounded  by  a strong  band  of  circular  muscular 
fibres.  This  internal  coat  is  the  last  we  have  to  consider.  It  is 
if  greater  size  than  any  of  the  rest ; consequently,  to  accommo- 
date itself  to  them,  is  folded  up  into  a great  number  of  wrinkles. 
It  is  composed  of  mucous  membrane,  and  especially  distinguished 
by  the  existence  in  it  of  numerous  little  glands,  presenting  the 
appearance  of  tubes,  and  producing  or  secreting  the  gastric 
juice. 

These  several  coats  are,  of  course,  connected  by  layers  of  cel- 
lular membrane,  which  some  have,  therefore,  described  as  separate 
coats.  That  connecting  the  muscular  with  the  internal  or 
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mucous,  lias  more  particularly  been  designated  as  the  nervous  i 
coat.  The  term,  however,  is  calculated  to  lead  to  a false  notion, 
nor  is  there  anything  so  distinctive  in  this  layer  as  to  require  a 
peculiar  name.  The  branches  of  nerves  and  blood-vessels  with  1 F 
which  the  stomach  is  supplied  in  great  abundance,  interweave  I ' 
themselves  in  this  situation,  so  as  to  make  an  inextricable  net-  I c 
work.  Their  final  termination  is  in  the  inner  coat  of  the 
stomach,  which  thus  is  vascular  and  nervous  in  a very  high  ' 
degree. 

Very  different  accounts  have  been  given  respecting  the  nature  * E 
and  appearance  of  the  gastric  juice,  which  may  in  some  measure  1 E 
be  accounted  for  by  the  difficulty  of  procuring  it  pure  and  un-  1 
mixed  with  the  mucous,  salivary,  and  other  secretions,  generally  I L 
existing  along  with  it  in  the  stomach.  Its  qualities  also  would  ; 1 
appear,  from  the  experiments  of  Spallanzani,  and  some  later  by  I 
Magendie,  to  be  altered  by  the  nature  of  the  food  which  it  is  I 
required  to  digest.  Thus  the  former  never  found  it  in  the  least  I 
acid  in  birds  of  prey,  serpents,  frogs,  or  fishes.  Crows  gave  an  1 
acidulous  gastric  juice  only  when  fed  on  grain ; and  the  same  I 
was  the  case  in  dogs,  herbivorous  animals,  and  domestic  fowl.  I 
Carnivorous  biids  threw  up  pieces  of  shell,  and  coral  without  I 
alteration,  which,  from  their  chemical  composition,  any  acid  j 
would  certainly  have  acted  on ; and  Spallanzani  himself,  having  1 
swallowed  certain  calcareous  substances  in  tubes  perforated  to  ■ 
admit  the  action  of  this  juice,  found  their  weight  and  size  remain  I 
unaltered  as  long  as  he  used  a purely  animal  diet ; but  when  he  I 
fed  on  vegetables  and  fruit,  a slight  diminution  was  observable,  I 
as  if  they  had  been  immersed  in  weak  vinegar.  The  solvent  I 
power  of  the  gastric  juice,  then,  is  its  first  and  most  charac- 
teristic  property.  This  power  is  so  great  in  the  dog,  as  to 
enable  its  stomach  to  digest  bones,  extracting  the  animal  and  I 
nutritive  parts,  and  leaving  the  earthy  residuum,  from  which 
the  faices  acquire  the  well-known  white  and  clayey  appearance  <\ 
that,  from  the  older  chemists,  gained  them  the  absurd  name  of  I 
album  grcecum. 

An  apparently  opposite  power,  yet  equally  well  marked,  is  that 
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coagulation.  This  power  has  been  well  known  for  a great 
iriod  of  time,  since  the  infusion  of  the  stomach  of  the  calf  has 
een  in  all  ages  used  to  coagulate  milk.  For  this  purpose  it  is 
mply  washed  and  dried,  in  which  state  it  is  found  to  preserve 
his  quality.  Dr.  Fordyce  states  that  sis  or  seven  grains  of  the 
liner  coat  of  a calf’s  stomach  thus  treated,  when  infused  in  water, 
ielded  a liquor  that  coagulated  more  than  a hundred  ounces  of 
iiilk;  that  is  to  say,  more  than  six  thousand  times  its  own 
(.weight.  Dr.  Young  relates  also,  that  having  washed  in  water, 
uid  afterwards  in  a dilute  alkaline  solution,  a similar  part,  he 
t till  found  it  capable  of  coagulating  milk  to  a very  considerable 
legree.  It  is  evident  how  much  we  are  dependent  on  this  power 
luring  infancy,  when  the  whole  food  being  taken  fluid,  it  should 
oe  absorbed  altogether,  as  swallowed,  though  much  of  it  may  be 
useless  for  nutrition,  did  not  this  power  act,  and  throwing  down 
n a solid  form  what  is  truly  useful,  afford  that  in  a separate 
date  to  be  acted  on  by  the  digestive  functions.  A third  quality 
nf  this  gastric  juice,  and  the  last  we  shall  at  present  notice,  is  its 
anti-putrescent  power.  Dr.  Fordyce  found  that  the  most  putrid 
meat,  after  remaining  a short  time  in  the  stomach  of  a dog,  be- 
•ome  perfectly  sweet.  The  juices  of  maggots,  and  animals  who 
ive  on  meat  in  the  last  stage  of  decay,  are  perfectly  free  from 
any  putrid  taint ; and  Spallanzani  ascertained  that  the  gastric 
uice  of  the  dog  will  preserve  veal  or  mutton  perfectly  fresh, 
ind  without  loss  of  weight,  for  thirty-seven  days,  at  a time  of 
year  when  the  same  meats,  immersed  in  water,  yielded  an  un- 
pleasant smell  on  the  seventh  day,  and  by  the  thirtieth  were  in 
i state  of  the  most  offensive  putridity.  This  peculiar  antiseptic 
property  suggested  the  idea  of  applying  it  to  wounds  of  a pecu- 
liarly bad  and  gangrenous  disposition.  The  experiment  was 
made  by  Jurine  and  Carminati,  the  latter  of  whom  also  used  it 
internally,  and,  it  would  appear,  with  some  success.  From  the 
ulose  similarity  of  saliva,  and  the  much  greater  facility  with 
which  it  can  be  procured,  M.  Eicherand  was  tempted  to  use  that 
as  a substitute.  He  had  under  his  care  a person  with  an  obsti- 
nate sore  on  the  inner  ankle  of  his  left  leg.  Notwithstanding 
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the  external  application  of  powdered  bark,  and  of  compresses 
soaked  in  the  most  detergent  fluids,  the  sore  was  improving  very  : 
slowly,  when  he  bethought  himself  of  moistening  it  every  | 
morning  with  his  saliva.  From  that  time  the  patient  evidently 
mended,  and  his  wound,  contracting  daily,  at  last  became 
completely  healed. 

The  gastric  juice,  which  is  distinctly  acid,  though  the  exact 
nature  of  the  acid  has  not  been  satisfactorily  determined,  is  espe- 
cially adapted  for  dissolving  the  coagulated  albuminous  sub- 
stances. If  the  stomach  of  a newly-killed  animal  be  filled  with 
water,  and  allowed  to  stand  for  twenty-four  hours,  and  the  fluid 
be  then  filtered  and  concentrated  at  a moderate  heat,  we  obtain  i 
a mixture  which,  by  the  addition  of  a very  small  quantity  of 
acid,  forms  a tolerable  artificial  digestive  fluid.  If  albuminous 
substances,  such  as  the  white  of  a hard-boiled  egg,  or  a piece  of 
meat,  are  placed  in  this,  and  kept  at  about  a blood  heat,  they 
become  gradually  dissolved ; pieces  of  muscle  are  more  easily 
acted  on  than  tendons  or  ligaments,  and  hard  cheese  succumbs 
so  slowly,  that  a part  of  it  often  passes  unchanged  out  of  the 
stomach  into  the  small  bowels. 

We  are  now  prepared  to  understand  what  takes  place  in  the 
stomach  on  the  arrival  of  the  food  there.  During  the  progress 
of  the  meal,  the  stomach  appears  nearly  passive,  yielding  to  the 
food,  which,  by  its  hulk,  distends  it.  'When,  however,  the  pro- 
cess is  complete,  it  begins  to  re-act.  At  first,  a few  slight  and 
irregular  contractions  of  the  muscular  fibres  take  place ; these, 
by  degrees,  increase  in  strength  and  regularity,  until  at  last, 
a well-marked  vermicular  motion  is  established,  contracting  the 
stomach  in  all  directions,  and  moving  its  contents  from  the 
greater  towards  the  lesser  extremity.  The  gastric  juice,  the 
mucous,  and  other  fluids,  are  in  the  meanwhile  poured  out 
plentifully  into  the  cavity,  and  if  the  food  be  in  a short  time  ex- 
amined, it  will  be  found  that  a thin  layer  of  it  all  round,  where 
it  is  in  contact  with  the  coats  of  the  stomach,  has  become  softened 
and  mixed  with  the  fluids.  This  is  the  first  step  towards  diges- 
tion, and  this  is  an  order  which  is  always  accurately  observed. 
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t whatever  period  we  make  the  examination,  the  change  will  be 
Tfpund  greatest  in  the  food  in  contact  with  the  stomach,  and 
iminishing  exactly  in  proportion  as  we  recede  from  this.  When 
ae  external  layer  is  thus  perfectly  saturated,  it  is  moved  on  by 
s®  tiie  muscular  contractions  of  the  stomach  towards  the  pylorus, 
rhile  the  next  layer  is  presented  to  undergo  the  same  process. 
j‘,  before  the  digestion  of  a meal  be  complete,  fresh  food  be  in- 
roduced,  it  is  always  foimd  placed  perfectly  distinct  from  the- 
' ■ lemains  of  the  former.  Thus,  Dr.  Wilson  Philip  informs  us, 
liat  in  the  stomachs  of  more  than  a hundred  and  thirty  rabbits 
■ rvhich  he  examined,  and  which  had  been  killed  at  various  stages 
of  digestion,  the  old  food  was  never  mixed  with  the  new,  but 
invariably  lay  next  the  coats  of  the  stomach,  containing  the  new 
m its  centre,  as  if  it  were  necessary  that  the  former  should 
■ne  fully  digested  before  the  latter  was  commenced  on. 

Prom  the  food  being  constantly  moved  on,  we  should,  of 
ourse,  expect  to  find  that  which  was  best  digested  in  the  vicinity 
twf  the  pylorus,  and  such  is  the  case.  And  here  it  seems  more 
fully  imbued  ivith  fluids,  and  more  completely  deprived  of  all 
distinguishing  character ; still,  however,  accurately  observing  the 
-ule,  that  the  part  near  the  circumference  is  more  digested  than 
hat  near  the  centre.  In  a healthy  state,  and  when  the  food  is 
«uch  as  to  agree,  this  process  goes  on  without  the  production  of 
.any  air  or  gas.  But  when  the  stomach  is  weak  and  disordered, 
latulenee,  sourness,  and  eructations,  all  attest  the  failure  of  its 
ipxnvers.  Rest  is  well  known  to  be  favourable  to  this  process, 
chough  it  by  no  means  follows  that  a moderate  degree  of  exertion 
interferes  in  persons  of  good  health  and  vigour.  Sir  Busick 
Harwood  took  two  pointers,  as  nearly  as  possible  of  equal 
strength.  Having  given  them  both  a full  meal,  he  left  one  at 
(rest,  and  took  the  other  out  to  beat  the  fields.  At  the  end 
of  two  hours  he  had  them  both  killed,  and  foimd,  in  the  dog  that 
had  remained  at  home,  all  the  food  chymified,  that  is,  put 
through  the  first  stage  of  digestion,  as  we  have  described,  while 
in  the  stomach  of  the  other  dog  the  food  remained  almost  as 
taken. 
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From  all  which,  we  may  see  the  wisdom  of  the  old  proverb, 

‘ After  dinner  sit  awhile.’ 

During  digestion,  both  apertures  of  the  stomach  are  closed ; 
the  vital  powers  seem  to  leave  the  surface  of  the  body  and  con- 
centrate themselves  on  the  important  work  that  is  going  on; 
there  is,  therefore,  a slight  chill  on  the  surface,  and  after  dinner 
every  one  naturally  draws  round  the  fire.  The  length  of  time 
required  to  clear  the  stomach  after  a meal  is,  of  course,  extremely 
various,  being  influenced  by  the  nature  of  the  food,  the  state  of 
health,  the  quantity  of  mastication  employed,  and  many  other 
circumstances.  However,  as  an  average,  we  may  say  that 
substantial  meal  is  disposed  of,  by  a healthy  person,  in  four  or  — 
five  hours.  This  is  a point  to  which  persons  troubled  with  indi- 
gestion should  particularly  attend,  as  it  is  clearly  of  importance 
that  the  stomach  should  be  allowed  to  clear  itself  of  one  meal 
before  it  is  called  on  to  renew  its  functions  by  the  presence  of 
fresh  food.  We  also  see  the  importance,  to  sucii  persons,  of 
using  food  that  the  stomach  can  dispose  of  nearly  in  the  same 
time,  as  otherwise  one  ingredient  of  a meal  might  be  quite 
digested,  and  fit  to  be  passed  on,  when  another  was  only  begin- 
ning to  be  acted  on  by  the  gastric  juice.  Thus,  the  stomach  is 
distracted  in  its  operations,  having  one  part  of  its  contents  to 
pass  on,  and  another  to  remain  for  further  maceration.  This  is 
of  so  much  importance,  that  Dr.  Abercrombie  declares  he  would  I 
almost  disregard  the  quality  of  a dyspeptic  patient’s  food,  pro-  j 
vided  it  be  of  the  same  kind,  and  not  of  too  great  a quantity. 

The  matter  into  which  the  food  is  changed  by  this  first  pro- 
cess, is  a grey,  uniform,  pulpy  mass,  of  a faintish  and  slightly 
acidulous  taste.  Notwithstanding  the  powerfully  solvent  quali- 
ties of  this  fluid,  it  is  well  known  to  have  no  effect  on  living 
bodies.  Thus,  certain  worms  live  and  thrive  with  impunity  in 
our  stomachs,  aud  in  spring  time  we  find  the  whole  internal 
surface  of  the  stomach  of  the  horse  loaded  with  the  young  of  a 
certain  kind  of  insects,  termed  by  jockeys  * botts,’  which  find 
this  situation  most  suited  for  their  growth,  and  hold  to  the  inter- 
nal membrane  by  means  of  two  sharp  hooks,  with  which  they 
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e furnished,  until,  having  got  through  their  first  or  larva 
sage  here,  they  let  go  their  hold,  and  following  the  course  oi  the 
iimentary  passage,  are  brought  into  light  towards  the  end  of 
ay  or  June,  just  as  they  are  about  to  undergo  their  trans- 
innation  into  a chrysalis.  This  peculiar  property  of  living 
5m  matter  also  serves  to  protect  the  coats  of  the  stomach  itself 
r (can  being  acted  on  by  this  very  powerful  agent.  When  the 
-j  -operty  of  which  we  speak  no  longer  interferes,  when  life  is 
uddenly  withdrawn,  and,  at  the  same  time,  a quantity  of  this 
• , aid  happens  to  be  just  poured  out,  corrosion  does  take  place, 
:id,  under  such  circumstances,  John  Hunter  first  observed  the 
angular  fact  of  the  stomach  being  dissolved  in  its  own  juices, 
lhat  this  is  not  the  result  of  disease,  he  concluded,  from  its 
ecurring  to  him  first  in  a person  who  had  been  suddenly  killed 
a blow  of  a poker,  just  alter  having  eaten  a very  hearty  meal, 
pon  opening  him,  he  found  the  food  partially  digested : but  the 
omach  also  was  dissolved  at  its  great  end,  and  a great  part  of 
3 us  contents  luid  escaped  through  the  hole  thus  formed,  and  lay 
rose  in  the  general  cavity  of  the  abdomen. 

In  pursuing  the  inquiry,  ho  examined  the  stomachs  of  a 
treat  number  of  fishes,  who  may  all  be  said  to*die  violent  deaths, 
ud  all  up  to  the  moment  in  perfect  health,  while  from  their 
upacious  disposition  their  stomachs  are  commonly  full.  In 
nese  animals  we  see  the  progress  of  digestion  most  distinctly ; 
*)V,  their  teeth  being,  as  we  have  said,  organs  of  prehension,  not 
if  mastication,  they  generally  swallow  their  prey  whole.  This 
irey  is  often  another  fish,  larger  than  their  stomach  can  contain, 
lend  in  such  cases  the  part  of  it  which  is  in  the  stomach  is 
Softened  and  digested,  while  the  rest,  which  remains  in  the 
esophagus,  is  perfectly  sound  and  untouched.  In  many  of  these 
■te  found  ‘ that  this  digesting  part  of  the  stomach  was  itself  re- 
duced to  the  same  dissolved  state  as  the  digested  parts  of  the 
‘*k1.’  The  circumstance  has  since  been  frequently  observed, 
nid  it  is  found  most  constantly  to  occur  in  persons  who  have 
»een  killed  suddenly,  while  in  good  health,  more  particularly  if 
•t  should  be  soon  after  a meal.  The  habit  of  affording  criminals 
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(if  they  are  inclined  for  it)  a full  meal  just  before  execution,  lias  l 
afforded  many  opportunities  of  repeating  and  verifying  this  obser- 
vation. Doctor  Wilson  Philip,  in  his  extensive  and  valuable 
experiments  on  animals,  has  not  neglected  to  notice  this  fact . 
He  says,  ‘ This  I have  often  observed  in  rabbits,  when  they  have 
been  killed  immediately  after  eating,  and  allowed  to  lie  undis-  • 
turbed  for  some  time.  On  opening  the  abdomen,  we  have  found  j 
the  great  end  of  the  stomach  soft,  eaten  through,  sometime 
altogether  consumed,  the  food  being  only  covered  by  the  perit 
neum,  or  lying  quite  bare  for  an  inch  and  a half  in  diameter,  and 
part  of  the  contiguous  intestines,  in  the  last  case,  also  consumed, 
while  the  cabbage  which  the  animal  had  just  taken  lay  in 
the  centre  of  the  stomach  untouched,  except  on  its  surface.’ 
The  reason  of  all  this  is  now  sufficiently  obvious.  The  food- 
taken  just  before  death  is  the  natural  stimulus  to  the  secretion 
of  the  gastric  fluid.  This  is  poured  out  in  great  quantity,  and 
speedily  saturates  the  superficial  layer  of  food  with  which  it  is 
in  contact.  In  the  natural  state  of  things,  the  muscular  action 
of  the  stomach  would  have  moved  on  this  layer,  and  presented 
another  for  the  action  of  the  digestive  juices : but  death  has  put 
an  end  to  motion,  and  the  gastric  fluid,  finding  no  fresh  matter 
presented  to  it,  turns  its  action  against  the  coats  of  the  stomach, 
no  longer  possessed  of  that  vitality  which  enabled  them  to  resist  ■ ^ 
its  influence.  Under  these  circumstances,  they  are  corroded ; 
an  irregular  jagged  hole  is  left,  and  the  contents  escape  through  it. 

That  the  motion  of  the  stomach  is  in  one  uniform  direction, 
is  concluded  from  the  appearances  in  the  stomachs  of  animals 
covered  with  hail’.  In  the  calf,  for  instance,  which  licks  its  skin 
with  its  tongue,  and  then  swallows  the  hairs  thus  detached,  balls 
of  hail’s  are  constantly  found  in  the  cavity  of  the  stomach.  On 
examining  these,  the  hairs  are  found  to  lie  in  one  uniform  direc- 
tion ; those  of  each  hemisphere  seeming  to  arise  from  one  com- 
mon centre,  round  which  they  assume  a circular  arrangement, 
corresponding  to  what  would  appear  to  be  the  axis  of  motion. 
This  regularity  could  not  be  produced  if  there  was  not  a regular 
motion  in  the  stomach.  A remarkable  opportunity  of  observing 
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e motions  of  the  human  stomach  occurred  to  M.  Richerand,  in 
e wards  of  the  Hopital  de  la  Charite  at  Paris.  The  patient, 
o was  a female,  had,  several  years  before,  by  a fall  against  the 
reshold  of  a door,  severely  bruised  the  epigastric  region.  This 
the  upper  part  of  the  abdomen,  immediately  below  the  breast- 
me,  and  answers  to  what  we  generally  term  the  pit  of  the 
:omach.  The  paid  remained  painful  and  discoloured  for  a long 
me,  until  one  day,  during  a violent  lit  of  vomiting,  it  burst,  and 
me  of  the  contents  of  the  stomach  were  discharged  through  the 
pture.  The  opening  was  at  first  very  small,  and  would  only 
Jfer  fluids  to  pass,  hut  it  gradually  enlarged,  so  that  when  she 
me  into  the  hospital  it  was  an  inch  and  a half  in  length,  by  an 
ch  in  breadth,  and  the  solid  food  came  away  through  it  freely, 
.'hree  or  four  hours  after  a meal,  an  irresistible  desire  obliged 
tr  to  take  off  the  lint  and  compresses,  by  which  the  fistulous 
►ening  was  covered,  and  to  give  vent  to  the  food  which  her 
omach  might  happen  to  contain.  It  came  out  rapidly,  and 
ere  escaped  at  the  same  time  a certain  quantity  of  gases.’  She 
as  unable  to  sleep  until  she  had  emptied  her  stomach,  which  she 
eansed  by  swallowing  a pint  of  infusion  of  camomile.  In  the 
oming,  the  stomach  appeared  of  a vermilion  colour,  its  surface 
tinkled  with  folds,  covered  with  mucus,  and  containing  a small 
lantity  of  a ropy,  frothy  fluid,  like  saliva.  The  vermicular 
otion  in  this  case  was  observed  to  have  two  directions  ; the  one 
itural,  towards  the  pylorus ; and  the  other,  which  we  may  sup- 
ose  peculiar  to  the  circumstances  of  the  disease,  towards  the 
rtulous  opening.  The  poor  woman  lingered  for  some  time  in 
emaciated  condition,  supported  only  by  the  small  quantity  of 
cd  which  passed  on  to  the  pylorus.  For  though  the  absorbents 
the  stomach  might  take  up  a certain  portion  of  the  food  there, 
id  convey  it  for  the  support  of-  the  body,  yet  it  must  needs  have 
mn  but  very  imperfect  nutriment,  not  having  as  yet  undergone 
action  of  the  bile,  the  uses  of  which  in  digestion  we  shall 
uve  to  mention  afterwards.  Yet,  even  in  this  poor  woman’s 
-se,  suffering  under  this  melancholy  accident,  was  exemplified  a 
*03t  beautiful  and  careful  provision  for  the  preservation  of  life. 
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To  understand  tliis,  it  is  necessary  to  remark,  that  in  its  natural 
state  the  stomach  is  attached  merely  at  its  extremities ; in  other 
respects  it  is  a loose  floating  hag  in  the  cavity  of  the  abdomen. 
Now,  if  in  this  state  an  opening  were  made  into  it,  its  contents 
would  be  poured  into  this  cavity,  their  presence  there  would  excite 
violent  inflammation,  and  death  would  follow  in  the  course  of  a 
few  hours.  Why  did  not  all  this  take  place  in  the  case  of  this 
poor  woman  ? Because  here  nature  (so  to  speak)  had  warning. 
The  coustitution  found  that  an  injury  had  been  inflicted  too  great 
for  it  to  repair.  It  was  necessary  that  the  part  injured  should 
die  and  be  cut  off.  To  avoid  this  was  impossible ; the  next  thing, 
therefore,  was  to  guard  against  its  being  the  cause  of  further 
damage.  For  this  purpose  the  external,  or  serous,  coat  of  the 
stomach  which  had  shared  in  the  injury  became  inflamed.  The 
nature  of  serous  membranes  when  inflamed,  is  to  throw  out  a 
thick  glutinous  matter,  termed  coagulable  lymph.  By  means  of 
this  the  stomach  became  adherent  to  the  front  of  the  abdomen, 
which  we  know  is  lined  by  a similar  membrane : this,  of  course, 
having  equally  suffered,  had  equally  assisted  in  the  process.  The 
stomach  now,  then,  was  no  longer  loose  but  attached ; and  when 
the  injured  part  had  sloughed  away,  yielding  to  the  force  of  the 
effort  in  vomiting,  a direct  opening  was  left  between  the  stomach' 
and  the  external  air,  the  parts  around  it  were  found  to  have, 
grown  together,  and  no  further  injury  arose  from  the  discharge 
of  its  contents,  than  that  consequent  on  their  too  speedy 
departure  from  the  system. 

[There  is  only  one  case  on  record  of  perfect  recovery  following 
an  external  wound  of  the  stomach,  the  opening  remaining  unclosed. 
Alexis  St.  Martin,  a young  Canadian  of  French  descent,  while 
engaged  in  the  service  of  the  Canadian  Fur  Company,  in  iSe2. 
was  accidentally  wounded  in  the  side  by  the  discharge  of  a 
musket.  Dr.  Beaumont,  to  whom  we  owe  all  the  facts  connected 
with  the  case,  saw  the  man  half  an  hour  after  the  accident.  He 
found  all  the  coats  of  the  stomach  tom  through ; and  the  food, 
which  had  been  taken  for  breakfast,  pouring  out  through  an 
orifice  lar°-e  enough  to  admit  the  forefinger.  So  complete  was 
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recoveiy  that,  in  the  course  of  a few  months,  a natural  valve 
rd  formed,  which  entirely  prevented  any  efflux  from  within,  but 
- itted  of  being  easily  pushed  back  by  the  finger  from  without, 
are,  then,  for  the  first  time,  were  all  the  processes  of  healthy 
lestion  unveiled ; and  Dr.  Beaumont  spent  700/.,  during  eleven 
of  observation,  in  supporting  and  experimenting  upon  St. 
lrHn.  He  found  that  the  gastric  juice  does  not  continue  to  be 
. reted  during  the  intervals  of  digestion ; not  accumulating,  as 
been  previously  supposed,  to  be  ready  for  acting  upon  the 
meal : that  the  quantity  of  the  gastric  juice  is  always  in 
: (portion  to  the  quantity  of  aliment  naturally  required  by  the 
stem ; and  that  if  an  excess  of  food  be  taken  there  will  be  a 
iciency  of  gastric  secretion  to  digest  it : that  exciting  and 
ressing  passions  produce  a visible  alteration  in  the  villous  coat 
the  stomach — that  tissue  now  becoming  red  and  dry,  and,  at 
ther  time,  pale  and  moist : that  bodily  excesses  are  followed 
parallel  effects:  that  in  fever  no  gastric  juice  is  secreted, 
. &c.  Of  a number  of  inferences  drawn  by  Dr.  Copland  from 
and  other  experiments,  the  following  are  of  most  general 
erest: — 1.  That  the  gastric  juice  is  a clear  transparent  fluid, 
hout  odour,  a little  salt,  and  perceptibly  acid.  2.  That  this  juice 
secreted  by  distinct  glands.  3.  That  it  is  never  found  free  in 
5 stomach,  but  is  always  excited  to  discharge  itself  by  food  or 
er  irritants.  4.  That  it  is  modified  in  quantity,  and,  pro- 
□ly  in  its  intimate  nature,  by  the  quantity  and  nature  of  the 
d.  5.  That  solid  food  is  easier  of  digestion  than  fluid; 
mal  than  vegetable ; farinaceous  than  other  kinds  of  vegetable 
<1.  6.  That  the  continued  use  of  spirits  always  causes  organic 
ase  of  the  stomach ; and,  lastly,  that  the  quantity  of  food 
aerally  taken  is  more  than  the  wants  of  the  system  require.] 
We  have  used  the  term  ‘nature’  above  in  compliance  with 
aon  custom,  but  all  our  readers  must  have  felt  how  utterly 
ressive  is  such  a term.  What  is  nature,  or  what  is  the  con- 
ation, but  the  result  of  general  laws,  pre-ordained  by  a Being, 
i as  he  is  beneficent,  who,  in  the  midst  of  judgment,  remem- 
s mercy,  whose  tender  care  is  over  all  his  works  P Who  but 
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He  could  provide  not  only  for  the  maintenance  of  the  body  in 
health,  but  for  its  reparation  in  disease  ? And  how  beautifully  ' 
is  the  law  suited  to  the  arrangement ! Serous  membranes  when 
inflamed  adhere;  mucous  membranes  when  inflamed  ulcera 
How,  had  the  serous  membrane  been  made  internal,  and  the] 
mucous  external,  of  the  coats  of  the  stomach ; or  had  the  sere 
been  placed  in  the  centre,  and  surrounded  by  the  muscular  fibres;  I 
or  had  it  not  found  another  serous  membrane  opposite  it  Iir 
the  abdomen ; in  short,  had  any  arrangement  but  the  prese 
subsisted,  the  law  would  have  been  useless,  and  death  would  have  | 
been  inevitable.  The  exquisite  pleasure  with  which  an  humt 
admirer  of  the  ways  of  Providence  contemplates  a provision  sol 
wise,  so  simply  beautiful,  so  full  of  tender  foresight,  is  wor 
years  of  philosophic  scepticism  and  heartless  unbelief. 

When  the  motion  of  which  we  have  been  speaking  is  inverte 
vomiting  results.  In  this  case,  the  muscular  fibres  contract  from' 
the  pylorus  towards  the  oesophagus,  so  that  the  food,  in  place  of 1 
being  moved  on  through  the  former,  is  returned  by  the  lattew  1 
It  would  appear,  however,  that  the  muscular  fibres  of  the  stomach 
are  not  of  themselves  sufficient  to  overcome  the  resistance  offered  — 
by  the  circular  fibres  which  close  the  oesophagus,  but  require  to  i-; 
be  assisted  by  the  diaphragm,  (represented  in  our  cut,  letter  I.)  ~ 

and  the  external  muscles  of  the  abdomen.  That  in  ordinary  •- 
vomiting,  such  assistance  is  afforded,  every  one’s  recollection  ot 
his  own  experience  on  such  occasions,  m a}-  afford  sufficient  proof; 
or  ocular  demonstration  of  the  Violent  action  of  the  abdominal 
muscles  may  be  had  by  noticing  a dog  or  cat  when  sick.  But 
not  contented  with  this,  some  physiologists  have  resorted  to  the 
cruel  experiment  of  cutting  away  these  muscles,  and  then  giving 
the  animal  an  emetic,  and  observing  its  fruitless  efforts,  under 
such  circumstances,  to  discharge  its  stomach,  an  effect  that  was 
immediately  produced  when  they  substituted  pressure  with  their 
"hand  for  the  action  of  the  parts  removed.  Some  have  advanced 
that  the  stomach  is  quite  passive  in  vomiting,  and  that  the  act 
wholly  depends  on  the  pressure  exercised  by  those  other  parts. 

But  this  doctrine  goes  too  far,  though  M.  Magendie  endeavoured 
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prove  it  by  the  singular  experiment  of  removing  the  stomach 
Dm  a large  dog,  substituting  for  it  a bladder,  which  he  attached 
the  oesophagus,  and  then  having  excited  vomiting  by  the 
jection  of  tartar  emetic  into  the  veins,  he  showed  that  the 
odominal  muscles  and  diaphragm  were  able  to  discharge  the 
ntents  of  the  bladder  as  if  it  had  been  a real  stomach.  But 
e experiment  was  evidently  fallacious.  The  stomach  is,  by  its 
-;al  power,  capable  of  resisting  the  effects  of  such  pressure, 
ierwise  it  would  be  discharged  every  time  we  made  a strong 
"oid  and  held  in  our  breath,  or  every  time  that  a sailor  laid 
self  across  a yard-arm.  But  there  are  certain  muscular  fibres 
lich,  embracing  like  a running-string  the  termination  of  the 
ophagus,  close  it  under  ordinary  circumstances,  and  prevent 
backward  passage  of  anything  through  it.  These  fibres  were 
didently  cut  away  in  M.  Magendie’s  experiment,  therefore  the 
iliar  action  of  the  stomach,  necessary  to  overcome  their  resist- 
•ce,  was  not  required,  so  that  he  only  proved,  what  every  one 
11  allow,  that  if  you  squeeze  a bladder,  into  the  neck  of  which 
u have  inserted  an  open  tube,  its  contents  will  be  discharged 
ough  this  tube.  But  this  is  evidently  not  the  situation  of  the 
an  stomach.  We  had  occasion  to  notice,  in  speaking  of 
-allowing,  the  means  by  which  the  food  was  prevented  getting 
to  the  windpipe,  or  the  back  of  the  nostrils,  where  they  open 
the  pharynx.  It  is  evident  these  provisions  only  answer  for 
« downward  progress  of  the  food ; on  its  return  they  are  of  no 
ner  of  use.  The  most  important  danger,  therefore,  that  of 
matters  vomited  getting  into  the  windpipe,  is  guarded  against 
" persons  always  making  a very  full  inspiration  previous  to  the 
t of  vomiting,  and  coughing  immediately  afterwards,  so  as  to 
dodge  any  irritating  substance  that  may  be  lodged  about  the 
per  part  of  the  throat.  The  full  inspiration  is  also  of  use  in 
shing  down  the  diaphragm,  (see  plate,)  which  is  thus  made  to 
~s  more  forcibly  on  the  stomach.  The  other  circumstance  is 
t of  so  much  consequence,  and  no  provision  seems  made  against 
so  that  we  often  see  part  of  the  fluids  ejected  pass  through  the 
ise.  The  causes  of  vomiting,  Dr.  Bostock  reduces  to  three 


84 


DIGESTION. 


I.  Irritating  matters  acting  directly  on  the  stomach  i 
2.  Irritations  applied  to  other  parts  with  which  the 


classes  : 
itself; 

stomach  sympathizes ; and,  3.  Mental  impressions,  the  effect  of  CD 
which  depends,  in  a great  measure,  on  association,  and  affords 
one  of  the  most  frequent  illustrations  of  the  influence  of  mind 
on  body.  Under  the  first  of  these  heads,  all  emetics,  undigested  i p 
food,  and  such  like  matters,  will  come.  The  second  is  more  curious, 
and  affords  many  exemplifications  of  what  we  term  sympathy.  L- 
Thus,  wounds  on  the  head  generally  produce  sickness  of  the  sto-  1 
mach.  Dr.  Wollaston  refers  sea-sickness  to  an  accumulation  of 
blood  on  the  brain,  caused  by  the  descending  motion  of  the 
vessel ; and  M.  Saussure,  in  his  Voyages  dans  les  Alpes,  reports 
that  many  of  his  companions  were  seized  with  nausea  and  vomit- 
ing as  soon  as  they  had  reached  a certain  height ; where,  from 
the  increased  rarity  of  the  atmosphere,  it  has  been  supposed  that 
the  circulation  of  the  brain  must  also  have  been  affected.  [Sea-  - 
sickness  has  not  been  satisfactorily  referred  to  any  one  cause; 
and,  although  various  hypotheses  have  been  advanced,  the 
evidence  of  facts  still  remains  of  a negative  character.  It  does  : 
not  depend  upon  the  confused  impressions  conveyed  to  the  brain 
through  the  medium  of  the  eye,  because  the  blind  are  sick  at  sea ; 
nor  upon  the  continual  motion  of  the  contents  of  the  stomach,  - 
for  neither  abstinence  nor  repletion  avail ; nor  upon  fear,  for 
Nelson  was  confined  to  his  berth  for  several  days  by  this  affection,  - 
and  Sir  John  Franklin  was  never  able  to  take  the  command  of 
his  ship  until  he  had  passed  the  Bay  of  Biscay ; nor  upon  an 
accumulation  of  blood  upon  the  brain,  as  in  Wollaston’s  theory, 
because  the  recumbent  position  is  a source  of  relief.  And,  as 
regards  the  external  cause,  the  descending  motion  of  the  vessel 
cannot  be  assigned  as  it,  for  old  seamen  who  were  not  sick  in 
their  ship  have  been  known  to  suffer  after  rowing  in  a small  boat 
for  several  hours ; and  the  writer  has  observed  that  the  motion  i 
that  accompanied  a head  swell  icithout  wind  affects  the  stomach 
sooner  than  any  other ; he  has  seen  nearly  all  the  crew  refuse 
food  after  a continuance  of  this  motion,  and  has  himself  suffered 
after  having  been  quite  well  during  a previous  fortnight  of  bad 
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-ather.  To  understand  this  motion,  the  centre  of  gravity  of 
ej  ship  may  be  supposed  to  be  continually  describing  a figure  of 
jht  sideways,  without  progression,  thus,  oo.  A more  accurate 
•serration  of  the  relations  between  the  nature  of  the  motion  and 
proportional  effect  upon  the  stomach  might  lead,  perhaps,  to 
re  positive  results.]  The  third  class,  including  all  cases  of 
kness  arising  from  disgust,  unpleasant  recollections,  terror,  and 
aer  such  causes,  is  also  of  extreme  interest,  but  would  require  a 
ipter,  rather  than  a paragraph,  did  our  limits  allow  of  it. 

There  is  another  species  of  inverted  motion]to  which  we  must 
w proceed,  and  which  leads  us  to  some  very  curious  provisions 
the  animal  economy.  This  is  Rumination.  Some  men  have 
en  known  to  possess  the  power  of  bringing  up  their  food  after 
had  been  swallowed,  and  submitting  it  a second  time  to  the 
ocess  of  chewing.  In  a case  of  this  kind,  mentioned  by  Sir 
?erard  Home,  the  individual  swallowed  his  food  voraciously, 
d without  chewing.  About  a quarter  of  an  hour  after  the 
i'al  was  terminated,  he  used  to  bring  up  a morsel  from  the 
omach  by  a slight  effort.  This  was  chewed  and  swallowed,  and 
:er  a little  interval,  another  was  brought  up,  and  underwent 
e same  process.  Blumenbach  mentions  that  he  knew  four 
m possessed  of  this  power.  They  all  assured  him  that  they 
d a real  enjoyment  in  doing  it ; and  in  two  of  them  it  was 
nfectly  voluntary,  so  that  they  could  abstain  from  doing  it  at 
sasure.  Rumination,  however,  is  much  more  perfect  in  some 
her  animals,  and  the  apparatus  of  stomachs  prepared  for  its 
Tformance  is  both  singular  and  beautiful.  The  final  cause 
ny  certain  animals  ruminate  seems  not  yet  fully  ascertained, 
’ristotle,  ingenious  even  in  his  mistakes,  having  observed  that  the 
minants  best  known  to  him,  such  as  the  deer,  the  cow,  the 
at,  were  provided  with  horns,  but  wanted  the  incisor  teeth  of 
<e  upper  jaw,  suggested  that  the  materials  of  the  latter  were 
lployed  in  forming  the  former,  and  the  want  of  the  organs  thus 
ifective  was  supplied  by  such  an  apparatus  of  stomachs  as 
<ould  send  the  food  up  for  second  mastication.  Rut  we  cannot 
mit  this  mode  of  reasoning,  as  it  is  evident  such  a provision 
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would  rather  remedy  a deficiency  of  grinder  than  of'  incisor 
teeth.  Further  observation  also  has  shown  his  facts  not  to 
he  so  universal  as  he  had  supposed.  The  llama  has  two  inc-iso 
teeth  in  its  upper  jaw,  yet  has  all  the  apparatus  for  rumination, 
while  the  elephant,  which  has  none,  manages  to  digest  withou 
this  process.  Sir  Everard  Home  took  much  pains  to  show  tl 
during  digestion,  the  stomach  of  man,  and  generally  of  eami-j 
vorous  animals,  divided  itself  by  a contraction  of  the  muscL 
into  two  cavities ; the  one  towards  the  left  side,  or  the  entra 
of  the  gullet ; the  other  towards  the  right,  or  the  passage  into 
the  intestines.*  This  he  termed  the  hour-glass  contraction,  from  if 
its  dividing  the  stomach  somewhat  in  this  shape. 


Sketch  of  Stomach,  with  Hour-glass  Contraction. 


a is  the  cardiac  orifice,  and  b the  cardiac  cavity. 
d the  pyloric  orifice,  and  c the  pyloric  cavity. 
e marks  the  situation  and  extent  of  the  contraction. 


The  first  of  these  cavities  he  names  cardiac,  from  its 
vicinity  to  the  heart ; the  second,  pyloric,  from  its  vicinity  to 
the  pylorus. 


ki 

j- 


* How  far  this  opinion  is  correct  seems  yet  rather  undetermined.  It  was 
• advanced,  before  Sir  E.  Home’s  time,  by  Haller  and  Cowper:  it  is  admit  ted  ny 
Meckel  and  defended  bv  Bostock.  llut  at  the  time  Sir  E.  Home  stated  it,  it  was 
attacked  bv  Dr.  Macnrtnev,  in  that  most  excellent  article  Mammalia.  Keesa 
Cuclopadin;  and  his  views  have  received  much  support  from  the  late  observations 
of  MM  Tiedenianu  and  Gmelin,  celebrated  German  Physiologists. 


: ■ 


DIGESTION. 


87 


Now  this  contraction,  which  is  only  temporary  in  man  and 
irnivorous  animals,  becoming  permanent  in  others,  as  the 
saver,  the  hare,  the  rat,  forms  the  first  step  towards  the  perfect 
wision  observed  in  ruminating  animals,  in  which  there  are 
ttually  four  distinct  stomachs.  In  further  examining  this 
sitter,  he  ascertained  that  the  liquids  are  in  a great  measure 
mfined  to  the  cardiac  cavity,  and  absorbed  from  that  when  in 
<o  great  abundance.  The  solid  food  freed  from  these  is  then 
.ssed  on  to  the  pyloric  extremity,  where  it  is  generally  found 
der  and  more  reduced  to  the  state  of  that  pulpy  mass  termed 
yme.  This,  he  observes,  shows  how  the  process  of  digestion 
ay  go  on  in  the  stomachs  of  men  who  drink  after  dinner  several 
tarts  of  different  liquors.  A weakness,  also,  of  these  muscles, 
Tidering  them  unable  to  contract  effectually,  would  account  for 
,e  inconvenience  suffered  by  many  persons  affected  with  indi- 
;stion,  from  using  even  a moderate  quantity  of  drink  at  their 
;eals.  In  such  case  the  liquid  would  spread  itself  over  all  parts 
* the  stomach,  which  would  thus  be  prevented  from  acting 
•operly  on  its  solid  contents.  As  some  animals,  in  whom  this 
>ntraction  is  permanent,  ruminate  occasionally,  particularly 
hen  fed  on  harder  food  than  ordinary,  this  may  give  us  some 
lea  of  the  mode  in  which  this  same  circumstance  occurred  in 
lose  men  of  whom  we  have  spoken  above.  In  the  horse  and 
le  ass  the  division  of  the  stomach  is  rendered  very  clear  by  the 
Lrdiac  portion  being  lined  with  a regular  cuticle,  while  the 
yloric  presents  the  proper  villous  surface.  The  cardiac  portion 
here,  then,  evidently  but  a receptacle  in  which  the  food 
mdergoes  a sort  of  previous  maceration  and  softening  before  it 
passed  on  to  be  digested  in  the  latter.  This  cuticular  lining  is 
Lso  found  in  part  of  the  stomach  of  the  kangaroo,  which  com- 
ines in  itself  this  provision,  with  the  cardiac  prolongations,  or 
•ouches,  such  as  occur  in  the  hog  or  the  elephant,  and  a com- 
Hexity  approaching  nearly  to  what  we  see  in  the  ruminants. 
”nder  certain  circumstances,  kangaroos  do  ruminate.  Sir  Joseph 
Sanks,  who  had  several  of  these  animals  in  his  possession,  found 
mis  to  be  the  case  when  they  were  fed  on  hard  food.  It  is  not, 


88 


DIGESTION. 


however,  their  ordinary  habit,  as  those  which  were  so  long  kept 
at  Exeter  ’Change  were  never  detected  in  the  act. 

We  have  now  arrived  at  the  ruminating  animals,  in  whom 
the  complexity  of  the  digestive  organs  has  reached  its  utmost 
In  the  ox,  the  food,  when  swallowed,  descends  first  into  a large 
cavity,  termed  the  paunch,  and  the  animal  generally  continues 
to  eat  until  this  cavity  is  quite  full.  The  food  here,  under  the 
influence  of  heat  and  moisture,  suffers  a sort  of  maceration ; and 
as  the  drink  is  contained  not  in  this,  but  in  the  second  stomach, 
fermentation  occasionally  occurs  here,  when  a large  quantity  of 
green  food,  such  as  clover,  rich  grass,  or  other  young  vegetables, 
has  been  taken  in.  In  such  cases  much  air  is  disengaged,  and 
the  animal  swells  up  enormously,  the  paunch  pressing  on  all  the 
other  organs,  so  as  not  unfrequently  to  destroy  life.  The  readiest 
remedy  is  to  plunge  a knife  into  the  left  loin  of  the  animal,  which 
penetrating  the  paunch,  will  give  exit  to  the  wind  in  prodigious 
quantities.  This  expedient,  though  apparently  so  dangerous,  is 
seldom  known  to  be  followed  by  bad  consequences. 

It  is  generally  in  this  stomach  that  those  hair  balls,  of  which 
we  spoke  before,  occur.  Similar  balls  made  of  the  fibres  of  plants 
are  also  found ; and  the  bezoar,*  once  so  famous,  is  now  known 
to  be  nothing  more  than  a stony  concretion  found  in  the  first  or 
second  stomach  of  the  wild  goat,  antelope,  and  other  similar 
animals.  The  second  stomach  communicates  so  freely  with  this 
first,  that  were  it  not  for  its  difference  of  structure  it  might  be 
considered  as  forming  part  of  it.  It  is  known  under  the  name 
of  the  honeycomb,  which  well  describes  its  appearance,  and  is 


a--:- 


, *- 
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* The  hezoar  was  long  supposed  to  hare  most  powerful  virtues  as  an  antidote 
in  cases  of  poisoning.  Its  use  extended  until  it  came  to  be  looked  on  as  a remedy 
for  almost  every  disease ; but  it  proved  unequal  to  its  high  character,  and  from 
having  been  extolled  as  good  for  everything,  is  now  neglected  as  good  for  nothing. 
The  first  person  by  whom  it  was  mentioned  was  Avenzoar,  an  Arabian  physician, 
and  his  account  of  it  was  sufficiently  amusing.  He  says  that  the  stags  of  his 
country  were  very  fond  of  eating  serpents  : this  propensity,  however,  subjected 
them  to  the  danger  of  being  poisoned,  to  guard  against  which,  as  soon  as  their 
repast  was  finished,  they  used  to  run  into  the  water  until  up  to  their  nose : here 
they  used  to  stand  until  the  effects  of  the  poison  worked  off,  by  means  of  a 
humour  that  oozed  from  their  eyes,  which,  gradually  hardening  and  becoming 
coagulated,  formed  the  bezoar-stone.  This,  when  quite  hard,  was  thrown  off  by 
the  animal  rubbing  himself  against  the  trees. 
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ttuated  like  a shelf  within  the  first.  The  chink  descends  into  this, 
v which  it  is  enabled  to  moisten  the  food  as  it  receives  it  from 
e paunch,  and  so  mould  it  into  little  pellets,  suitable  to  he  sent 
p through  the  gullet  for  the  process  of  a second  chewing.  This 
-gurgitation  is  facilitated  by  the  mode  in  which  the  gullet  ter- 
unates.  It  opens  just  at  the  junction  of  the  first  and  second 
omachs,  so  that  on  its  left  side  it  discharges  into  the  former, 
bile  at  its  right  it  receives  from  the  latter.  But  the  most 
arious  provision  is,  the  double  muscular  band  which  is  con- 
nued  from  its  extremity  to  the  opening  of  the  third  stomach, 
hich  opening  it  brings  forward  close  to  the  termination  of  the 
ullet,  when  the  morsel  is  to  he  swallowed  a second  time,  forming 
self,  also,  at  the  same  time,  into  a tube,  so  as  to  prevent  any 
ortion  escaping  into  either  of  the  other  two  cavities.*  As  long 
the  animal  is  fed  on  milk  only,  this  hand  is  constantly  folded 
i like  a tube,  leading  from  the  end  of  the  gullet  to  the  third 
nd  fourth  stomach.  The  two  first  cavities  are,  at  this  period, 
osed  up,  for,  not  possessing  any  proper  gastric  juice,  they  have 
power  of  coagulating  milk,  which  we  have  above  shown  is  the 
a l'st  step  towards  its  digestion.  This  power,  however,  is  pos- 
--  sssed  in  the  highest  degree  by  the  fourth  stomach,  into  which, 
erefore,  the  milk  is  directly  carried;  and  while  the  animal 
i rmtinues  on  this  food  there  is  no  rumination.  But  as  soon  as 
olid  food  begins  to  be  swallowed,  it  forces  open,  as  it  were,  the 
des  of  the  tube  at  the  end  of  the  gullet,  escapes  into  the  cavity 
f the  first  stomach,  which  then  commences  its  duty,  and  thence- 
rth  the  animal  ruminates. 

It  is  scarcely  necessary’  to  draw  attention  to  so  very  obvious 
n instance  of  prospective  design.  The  young  animal  is  furnished 
rith  two  additional  stomachs,  of  no  use  to  it  in  early  life,  but 
hich  become  necessary  as  it  advances  towards  maturity.  We 
j cay,  however,  learn  from  it  to  be  cautious  how  we  deny  that  a 
iurt  can  have  use,  because  we  do  not  immediately  perceive  it. 


M.  Flourens,  who  has  opened  the  stomachs  of  many  living  sheep  while 
£?estion  was  going  on,  gives  a somewhat  different  account  of  this  part  of  the 
•ess.  His  views  will  be  found  in  the  Annalet  den  Science n Naturellen. 
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The  third  stomach,  which  is  the  smallest,  is  termed  many- 
plies,  from  the  multitude  of  folds  made  by  its  inner  membrane, 
which,  lying  one  over  another  like  the  leaves  of  a book,  have  also  j 
procured  for  it  the  name  of  book-tripe.  Between  these  folds  the  j 
food  sent  down  after  the  second  mastication  is  made  to  pass,  and  1 
as  they  take  a semi-circular  direction,  its  stay  in  this  cavity  is 
prolonged  as  much  as  possible.  The  number  of  these  folds,  or  ! 
leaves,  is  about  forty  in  the  sheep,  and  one  hundred  in  the  ox. 
This  opens  directly  into  the  fourth  stomach,  which  is  the  true  ] 
digesting  stomach,  furnished  with  a villous  coat,  with  solvent 
gastric  juice,  and  the  other  necessary  accompaniments. 

So  far  we  may  be  considered  as  describing  the  digestive  appa- 
ratus, not  only  of  the  ox,  but  of  the  sheep,  goat,  deer,  and  all 
ruminants  with  horns.  A still  more  complicated  structure  occurs  j 
in  the  camel,  dromedary,  and  llama,  which  are  without  horns.  • 
The  most  accurate  accounts  we  have  of  this  are,  perhaps,  Cuvier’s 
examination  of  the  stomachs  of  a llama,  and  Sir  Everard  Home's 
of  those  of  a camel.  We  shall  rather  extract  from  the  latter, 
inasmnch  as  the  habits  of  the  animal  are  better  known,  and  also  j 
because  Sir  E.  Home  had  the  advantage  of  examining  a full- 
grown  animal,  while  Cuvier’s  was  only  in  its  foetal  state.  The 
differences,  however,  were  really  very  trifling. 

In  1805,  the  curators  of  the  Hunterian  Museum  at  the  Lon- 
don College  of  Surgeons  had  an  opportunity  of  purchasing  a 
camel,  which  was  in  a dying  state.  They  gladly  availed  themselves 
of  the  opportunity  thus  afforded  of  furthering  our  acquaintance 
with  the  peculiarities  of  its  structure,  which  we  only  had  an 
opportunity  of  learning  before  through  the  medium  of  a dried 
preparation  made  by  Mr.  Hunter. 

They  appointed  Sir  E.  Home,  as  professor  of  comparative 
anatomy  to  the  college,  and  some  other  gentlemen,  to  examine 
and  report  on  the  appearances  found  on  dissection. 

The  camel,  the  subject  of  the  following  observations,  was  a 
female,  brought  from  Arabia,  twenty-eight  years  old,  and  said  to 
have  been  twenty  years  in  England.  Its  height  was  seven  feet 
.from  the  ground  to  the  tip  of  the  anterior  hump. 
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At  the  time  it  was  purchased  it  was  so  weak  as  to  he  hardly 
jJe  to  stand.  It  got  up  with  difficulty,  and  almost  immediately 
melt  down  again.  By  being  kept  warm  and  well  fed,  it  reco- 
red  so  far  as  to  be  able  to  walk,  but  was  exceedingly  infirm  on 
s feet.  It  drank  regularly  every  second  day  six  or  seven 
allons  of  water,  but  refused  to  drink  in  the  intervening  period, 
x took  the  water  slowly,  and  by  mouthfuls,  until  it  had  done. 
Ihe  quantity  of  food  it  consumed  daily  was  one  peck  of  oats,  one 
chaff,  and  one-third  of  a truss  of  hay. 

In  the  beginning  of  February,  1806,  it  began  to  shed  its  coat, 
d cold  winds  coming  on  in  March,  it  suffered  much,  refused  its 
*od,  and  was  reduced  to  an  extreme  state  of  debility.  In  this 
ate  it  was  thought  advisable  to  put  an  end  to  its  misery ; and 
occurred  to  the  committee  that  if  this  was  done  soon  after  it 
d drunk  a quantity  of  water,  the  real  state  of  the  stomach, 
i at  adapts  it  for  its  travels  in  the  desert,  might  be  ascertained. 
11  the  second  of  April,  by  giving  the  animal  hay,  mixed  with  a 
ttle  salt,  it  was  induced  to  drink  three  gallons  of  water,  not 
wing  taken  any  for  three  preceding  days,  nor  shown  the  least 
iciination  to  do  so. 

Three  hours  after  drinking,  its  head  was  fixed  to  a beam,  to 
revent  the  body  falling  after  death ; it  being  an  object  to 
xamine  the  intestines  with  as  little  disturbance  from  their  natural 
osition  as  possible.  In  this  situation  it  was  immediately 
illed,  by  dividing  the  spinal  marrow  close  to  the  head  with  a 
uarp  double-edged  poniard.  In  two  horns  the  cavities  of  the 
best  and  abdomen  were  laid  open. 

The  first  stomach,  or  paunch,  was  the  only  part  of  the  con- 
snts  of  the  abdomen  that  appeared  in  view.  Towards  the  left 
iide  it  was  quite  smooth,  but  towards  the  right  it  was  irregular, 
rid  wrinkled  in  such  a manner  as  to  show  that  there  was  a col- 
"'ction  of  cells  at  that  place.  It  was  evident  to  the  feeling,  that 
these  cells  contained  air,  but  no  part  of  the  solid  food  with  which 
ie  general  cavity  was  distended.  More  cells  were  noticed  in  the 
osteriorand  lower  part  of  the  cavity,  and  these  felt  as  if  filled 
ith  fluid.  To  ascertain  this,  an  opening  was  made,  and  about 


92 


DIGESTION. 


a pint  of  water,  of  a yellowish  colour,  but  unmixed  with  any  ■ 
solid  matter,  flowed  out. 

The  first  cavity  was  now  carefully  laid  open  on  the  left  side, 
to  avoid  interfering  with  these  cells,  and  the  solid  contents  were 
all  removed.  It  was  then  observed  that  the  water  contained  in 
the  cells  of  the  second  cavity  was  quite  pure,  while  that  in  the 
cells  of  the  first  was  tinged  by  its  solid  contents.  No  part  of 
the  solid  food,  however,  had  entered  these  cells,  nor  was  any  of  it 
found  at  all  in  the  second  cavity : these  cavities  having  their 
orifices  so  constructed  as  to  prevent  the  food  from  entering  them, 
even  when  empty. 

On  measuring  the  capacities  of  these  different  reservoirs  in 
the  dead  body,  they  were  as  follows : — 

The  anterior  cells  of  the  first  cavity  were  capable  of  containing 
one  quart  of  water  when  poured  into  them ; the  posterior  cells, 
three  quarts.  One  of  the  largest  cells  held  about-  a wine-glass 
full : and  the  cells  of  the  second  cavity  about  four  quarts.  This, 
however,  must  be  considered  as  much  short  of  what  these  cavities 
can  contain  in  the  living  animal,  since  there  are  large  muscles  j 
covering  the  bottom  of  the  cellular  structure  to  force  out  the 


!- 
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water,  which  must  have  been  contracted  immediately  after  death, 
and  by  that  means  had  diminished  the  cavities.  By  this  exami- 
nation it  was  proved,  in  the  most  satisfactory  manner,  that  the 
camel,  when  it  drinks,  conducts  the  water  in  a pure  state  into  the 
second  cavity ; that  part  of  it  is  retained  there,  and  the  rest  runs 
over  into  the  cellular  structure  of  the  first,  acquiring  a yellow 
colour  in  its  course. 

This  confirms  the  account  given  by  Buffon,  in  his  examination 
of  the  camel’s  stomach,  as  well  as  that  of  travellers,  who  state 
that  when  a camel  dies  in  the  desert,  they  open  the  stomach 
and  take  out  the  water  that  is  contained  in  it  to  quench  their 
thirst. 

It  appears  singular,  that  after  this  fact  was  so  clearly  de- 
monstrated, and  so  explicitly  stated,  M.  Kudolphi,  a continental 
physiologist  of  great  distinction,  should  advance  the  opinion  that 
the  liquid  found  in  the  cells  of  the  camel’s  stomach  was  not  the 
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ter  swallowed,  but  a certain  watery  secretion  made  from  the 
of  the  stomach ; and  that  on  no  better  grounds  than  that 
believed  such  to  be  the  case  in  a plant  (Nepenthes  distilla- 
.ria),  in  certain  receptacles  of  which  a like  watery  matter  is 
rand.  It  only  shows  that  ingenious  men  sometimes  take  great 
Lins  to  go  wrong,  and  that  the  labours  of  our  English  physio- 
ists  are  not  sufficiently  studied  or  appreciated  by  their  conti- 
■ntal  brethren. 

That  the  second  cavity  in  the  camel  contained  water,  had  been 
erally  known : but  by  what  means  the  water  was  kept  sepa- 
.ted  from  the  food,  so  as  to  be  sufficiently  pure  for  drinking, 
id  not  been  ascertained.  Neither  was  it  known,  as  the  second 
vity  was  evidently  merely  a receptacle  for  liquids,  by  what 
eans  the  offices  of  the  second  cavity  in  horned  ruminating 
lima  Is  were  provided  for.  These  offices,  it  will  be  remembered, 
re  to  receive  the  food  after  it  had  been  macerated  in  the  first 
■omach,  to  supply  it  with  moisture,  and  mould  it  into  pellets  fit 
be  sent  up  through  the  gullet  for  a second  chewing.  A view 
the  first  stomach,  as  it  appeared  when  laid  open,  will  explain 
Lese  points. 

A'i 


First  Stomach  of  the  Camel,  together  with  opening  of  second  Stomach. 
Now  in  this  cut  we  observe,  that  from  the  termination  of  A, 
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the  gullet,  run  two  strong  muscular  bands ; the  one  of  which,  b, 
is  continued  quite  across  the  paunch,  making  a sort  of  parti 
division,  while  the  other,  c,  runs  only  as  far  as  the  opening  of  tire 
second  stomach,  d,  and  turning  short  to  the  right,  passes  through 
its  upper  part,  and  terminates  at  the  opening  of  the  third  stomac 
Beyond  the  opening  of  the  second  stomach,  we  observe  a ce: 
number  of  transverse  muscular  hands  running  from  the  gr; 
longitudinal  ridge,  B,  and  gradually  losing  themselves  on  the  sidi 
of  the  stomach.  They  are  crossed  by  others,  so  as  to  form  them- 
selves into  cells,  each  capable  of  admitting  water,  and,  by  con- 
tracting their  orifices,  of  preventing  the  entrance  of  solid  food. 
Similar  cells,  but  smaller,  are  observed  at  e,  the  right  side  of  the 
cavity. 


Second,  third,  and  fourth  Stomachs  of  the  Camel. 

a opening  from  first  to  second  stomach. 
b second  stomach ; c third  stomach. 
d e fourth  stomach,  partially  separated  by  a contraction. 
f the  duodenum,  or  commencement  of  the  intestines. 

The  structure  of  the  second  stomach  is  also  of  this  cellular 
nature,  except  a smooth  passage  on  its  upper  part,  continued 
along  the  side  of  the  muscle  c,  and  assisting  it  in  conveying  the 


food  to  the  orifice  of  the  third.  It  is  clear,  then,  that  food 


coming  along  the  gullet  will,  when  matters  remain  as  at  present, 
drop  into  the  great  first  cavity.  But  the  muscles  b and  c,  being  . 
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der  the  command  of  the  will,  the  animal,  when  it  drinks,  can 
use  them  to  contract  towards  each  other,  by  which  means  the 
tnal  between  them  is  narrowed  and  converted  almost  into  a tube, 
nat  conveys  the  liquor  direct  from  the  extremity  of  the  gullet 
to  the  second  cavity ; and  when  the  cells  of  this  cavity  are  full, 
e rest  runs  off  into  the  cells  f of  the  first  cavity  immediately 
low,  and  afterwards  into  the  general  cavity.  We  are  now  pre- 
ed  to  answer  the  question.  How  is  the  food  prepared  for 
gurgitation?  When  first  swallowed,  it  is  received  into  the 
noth  part  of  the  paunch ; from  this  it  is  gradually  transferred, 
ter  maceration,  &c.,  to  the  cellular  part  at  F.  Here  it  is  sup- 
lied  from  the  cells  with  the  necessary  moisture,  formed  into 
llets,  and  being  situated  exactly  at  the  bottom  of  the  canal  b c, 
by  a slight  muscular  effort  thrown  into  it,  and  thence  conveyed 
ong  the  gullet  up  to  the  mouth.  We  also  see,  that  when  these 
11s  are  empty,  they  can  readily  receive  a fresh  supply  from  the 
ond  stomach,  which  is  situated  just  over  them ; and  this 
lains  the  mechanism  that  enables  the  camel  at  one  time  to 
ike  in  water  enough  for  several  meals,  to  supply  it  to  each  at  the 
equired  time,  and  in  just  proportions,  and  to  preserve  it  pure  and 
unfixed  with  its  food,  until  the  necessity  calls  for  it.  But  we 
ave  not  yet  seen  all  the  uses  of  our  muscular  bands.  The  food 
i in  the  mouth ; it  has  undergone  its  second  mastication,  and  is 
,ow  to  be  swallowed  again.  The  bands  contract  themselves  into 
' tube,  but  C contracts  also  in  its  length.  By  this  it  draws  for- 

Kard  the  opening  of  the  third  stomach,  c,  into  the  second,  b, 
oses  the  muscular  bands  that  separate  the  cells  in  this  latter,  and 
k tables  the  morsel  to  pass  over  them  into  the  third,  which  in  the 
iimel  being  very  small,  soon  transmits  it  into  the  fourth,  d,  where 
jgestion  finally  takes  place. 

The  only  thing  that  now  remains  to  be  observed  respecting 
i tis,  is  the  nature  and  structure  of  the  cells ; and  Mr.  Clift’s  very 
<cellent  sketch  leaves  us  nothing  to  desire  on  this  point. 

Here  a represents  part  of  the  long  muscular  ridge  that  tra- 
prses  the  entire  stomach ; u the  transverse  muscular  bands  that 
i m from  it,  and  which,  being  cut  at  right  angles  by  other  bands, 
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form  the  cellular  cavities.  It  is  evident,  that  by  their  contraction, 
the  mouth  of  the  cells  would  be  closed,  while  the  contraction  of 


Cells  in  Camel’s  Stomach. 


the  muscular  fibres  which  we  perceive  running  at  the  bottom  of 
the  cells  would  tend  to  make  them  shallow,  and  so  discharge  the 
water  they  might  contain.  But  we  would  more  particularly  wish 
to  draw  attention  to  the  close  similarity  observable  between  this 
and  the  magnified  view  of  the  mode  in  which  the  muscular  fibres: 
of  the  human  stomach  intersect,  as  shown  at  page  71. 

This  illustrates  an  observation  often  made,  and  which,  indeed, 
there  are  many  things  tending  to  confirm,  viz.,  that  classes  of 
animals  seem  framed  after  a certain  model  or  design,  certain  parts 
of  which  are  developed  in  some  species,  and  the  remaining  parts 
in  others : the  rudiments,  however,  of  all  these  parts  are  to  be 
found  in  all  the  annuals  of  this  class,  even  where  we  cannot  con- 
ceive their  existence  to  be  of  any  possible  use,  except  as  showing 
the  type. 

This  doctrine,  though  ingenious  and  probable,  is  by  no  means 
supported  on  a sufficient  number  of  observed  facts,  to  enable  it  as 
yet  to  rank  as  an  established  general  truth.  It  will  immediate^' 
recall  to  the  recollection  of  the  classical  reader  Socrates’  doctrine 
of  Archetypes , more  fully  dilated  on  by  Plato ; and  it  is  suf-  ; 
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ill  Iciently  interesting  to  observe  how  a truth  has  been  at  remote 
-:l  leriods  almost  reached  by  the  rays  of  knowledge,  and  then  laid 
| or  centimes  in  the  shadows  of  ignorance ; how  Hippocrates 
fcoscurely  propounds  the  doctrine,  the  demonstration  of  wliiuh  has 
Liinortalized  Harvey,  and  how  a passage  in  Seneca  has  seemed 
i many  almost  prophetic  of  the  discoveries  of  Columbus.* 

On  a comprehensive  view,  then,  of  the  stomachs  of  the  ox  and 
e camel,  it  appears  that  in  the  ox  there  are  three  stomachs 
rmed  for  the  preparation  of  the  food,  and  one  for  its  digestion, 
the  camel  there  is  one  cavity  fitted  to  answer  the  purposes  of 

Ie  first  two  in  the  ox ; a second  employed  as  a reservoir  for 
iter,  having  nothing  to  do  with  the  preparation  of  the  food ; a 
ird,  so  small  and  simple  in  its  structure,  that  we  can  scarcely 
■ttribute  to  it  any  particular  office,  except  as  a sort  of  ante- 
B-t  amber  to  the  fourth,  which  is  the  true  stomach,  and  that  in 

riich  digestion  takes  place. 

In  the  stomachs  of  ruminating  animals,  the  processes  which 
food  undergoes  before  it  is  converted  into  chyme,  are  more 
implex  than  in  any  others.  It  is  cropped  from  the  ground  by 
s fore-teeth,  then  passes  into  the  paunch,  where  it  is  mixed 
ith  the  food  in  that  cavity ; and  it  is  worthy  of  remark,  that  a 
■M  ~tain  portion  is  always  retained  there;  for  although  a bullock 
frequently  kept  without  food  seven  days  before  it  is  killed,  the 


* It  has  been  suggested  that  a short  explanation  of  these  allusions  may  be 
•essary.  The  doctrine  of  Archetypes  was,  that  previous  to  the  existence  of 
world,  and  beyond  its  present  limits,  there  existed  certain  Archetypes — the 
•lodiment  (if  we  may  use  such  a word)  of  general  ideas;  and  that  these 
Lhetypes  were  models,  in  imitation  of  which  all  particular  beings  were  created, 
is  that  the  general  idea  or  image  of  a man  had  a real  existence,  to  which  all 
dividual  men  bore  a resemblance.  The  passage  in  Seneca  is  the  well-known 
in  his  Medea. — Act  iii.  v.  375. 

Yenient  minis 
Steeula  seris,  quibus  oceanns 
A^incula  rerum  laxct,  et  ingens 
J’ateat  tellus,  Typhisquo  uovos 
Detegat  orbes ; nee  sit  terris 
Ultima  Thule. 

|-  ich  means  that  ‘in  future  years  a period  shall  come  when  the  limits  of  the 
I'ld  shall  be  extended,  new  lands  discovered,  and  Thule  no  longer  considered 
1 remotest  region  of  the  earth.’ 

fiFor  the  passage  from  Hippocrates,  see  the  Chapter  on  the  Circulation  of  the 

Wod. 
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paunch  is  always  found  more  than  half  full ; and  as  the  rrsotio 
in  that  cavity  is  known  to  be  rotatory,  by  the  hair-balls  foun 
there  being  all  spherical  or  oval,  with  the  hairs  laid  in  the  -arc 
direotion,  the  contents  must  be  intimately  mixed  together.  Th 
food  is  also  acted  upon  by  the  secretions  belonging  to  the  fire 
and  second  cavities,  for  although  they  are  lined  with  a cuticle 
they  have  secretions  peculiar  to  themselves.  These  secretion 
are  ascertained  by  Dr.  Stevens’  experiments  to  have  a solven 
power  in  a slight  degree,  since  vegetable  substances  contained  i 
tubes  were  dissolved  in  the  paunch  of  a sheep. 

The  food  thus  mixed  is  returned  into  the  mouth,  where  it  i 
masticated  by  the  grinding-teeth ; it  is  then  conveyed  into  thj 
third  cavity,  and  after  a short  delay  here,  is  transmitted  to  thj 
fourth.  The  changes  which  are  produced  on  the  food  in  th 
three  first  cavities,  are  only  such  as  are  preparatory  to  digestici 
it  is  in  the  fourth  alone  that  that  process  is  carried  on.  Thj 
upper  portion  of  this  stomach  is  furnished  with  plica;,  or  foil 
and  answers  to  the  cardiac  portion  of  the  human  stomach, 
gastric  glands  pour  out  their  solvent  fluid  here,  and  act  on  thj 
food ; and  it  is  from  the  presence  of  these  glands  in  the  stomaei 
of  different  animals,  that  them  existence  in  the  human  storni 
has  been  inferred.  In  the  upper  part  of  the  fourth  stomach  ( 
the  deer,  small  orifices  are  seen  in  the  internal  membrane,  leadi 
to  cavities  which  appear  to  be  the  opening  of  these  glands.  1 1 
the  lower  portion,  the  formation  of  chyme  is  completed.  It 
ruinates  in  the  pylorus,  which  separates  it  from  the  intestim 
In  some  of  the  whale  tribe  there  would  appear  to  be  a still  gre 
complexity,  as  we  find  Mr.  Hunter  describing  five,  and  eve 
seven,  stomachs  in  these  animals.  But,  in  truth,  they  are  to 
looked  on  as  so  many  pouches  or  divisions  of  one  cavity,  rath 
than  as  separate  or  distinct  organs ; neither  is  there  suflici 
diversity  in  their  functions  to  entitle  them  to  this  latter  coi 
sideration. 

Those  singular  animals,  the  ornithorhynchi,  brought  fror: 
the  New  Continent,  afford,  in  their  digestive  organs,  the  link  tl 
connects  the  stomachs  of  quadrupeds  with  those  of  birds.  And 
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if  they  were  in  every  respect  to  contradict  our  preconceived 
. as,  we  find  the  gastric  glands  in  them  congregated  about  the 
v loins,  instead  of  occupying  the  cardiac  extremity  of  the 
- imach,  as  in  other  animals.  An  idea  of  the  gradation  may  he 
d from  this  sketch. 


Fig.  l. 


Fig. 


Lynx. 


Man. 


Fig.  3. 

■ d 


•XIIHOBIIYNCUC3,  OR  DUCK-BILLED  AxiMAL.  TURKEY. 

This  scale  scarcely  requires  explanation.  In  each  of  the 
Hires,  a is  the  gullet,  d the  duodenum,  L the  cardiac  portion  of 

H 2 
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the  stomach,  c its  pyloric  portion.  In  the  three  first  figures  vre 
see  how  the  cardiac  portion  swells  more  and  more  to  the  left  at 
the  gullet,  as  the  food,  being  less  digestible,  requires  to  he  longer 
detained.  The  three  following  figures  show  well  the  gradation 
between  mammalia  and  birds,  in  which  we  should  chiefiy  observe 
the  approximation  of  the  two  orifices  of  the  stomach,  so  that 
last  they  appeal1  to  meet  at  a common  point. 

Another  circumstance  worthy  of  note  here,  is  the  accurate 
relation  preserved  between  the  form  of  the  stomach  and  nature 
of  the  teeth.  In  the  lynx  (No.  i)  the  teeth  are  in  great  per- 
fection, the  incisors,  the  fangs,  and  the  grinding-teeth  being  all 
present  and  well  developed.  In  man  (No.  2)  the  three  kinds 
of  teeth  are  also  to  be  found,  but  of  smaller  size,  the  fangs  having  ' 
dwindled  into  eye-teeth,  as  they  are  no  longer  intended  to  be 
the  means  of  catching  and  killing  prey,  aud  the  grinding-teeth 
being  somewhat  flattened  and  modified  to  suit  the  admixture 
of  vegetable  with  animal  food.  In  the  hare  (No.  3),  and  otha 
gnawing  animals,  the  fangs  are  quite  gone,  nothing  remaining 
but  the  long  incisors  in  front,  and  the  grinders  behind  It  it  ) 
true,  that  at  a late  meeting  of  the  Academie  des  Sciences,  M ! 
Geoffroy  St.  Hilaire  proposed  considering  the  front-teeth  of  thi  r 
rodentia  as  canine  rather  than  incisor-teeth,  but  this  was  merelj  r 
in  consonance  with  a theory  of  his  own ; besides,  it  is  indifferent  ' 
to  our  present  argument  what  they  may  be  called.  In  No.  4 
the  orycteropus,  or  Cape  ant-eater  of  Pennant,  the  teeth  an 
still  further  reduced,  there  being  neither  incisors  nor  fangs,  but ' 
simply  six  grinding-teeth  on  each  side  in  each  jaw,  and  those 
of  a very  imperfect  land,  having  no  distinct  root  or  crown,  anc 
resembling  small  cylinders  perforated  with  minute  tubes.  Tin 
imperfection  is  still  greater  in  the  duck-billed  platypus  (No.  5) 
which,  in  place  of  teeth,  has  merely  two  hard  homy  promt  | 
nences  towards  the  base  of  the  bill  at  each  side.  Finally,  the 
beak  of  the  bird  (No.  6)  is  totally  deprived  of  teeth,  and  ; j 
single  glance  at  the  scale  will  show  how,  as  the  organs  of  mas 
tication  thus  decline,  the  provision  for  retaining  the  food  b 
the  stomach  becomes  more  complete,  while  a moment’s  reflec 
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11  will  convince  us  of  the  wisdom  and  necessity  of  such  an 
rangement. 

The  stomachs  of  birds,  however,  are  distinguished  from 
-ise  of  all  mammalia,  by  being  surrounded  with  an  extremely 
ong  coat  of  muscular  fibres,  and  fined  internally,  at  least  in 
ih  as  feed  on  grain,  with  a hard  horny  structure.  This 
rcies  of  stomach,  commonly  named  gizzard,  is  admirably 
-ted  for  supplying  the  place  of  teeth,  which,  it  is  well  known, 

■ wanting  in  birds.  The  gullet,  before  arriving  at  the  gizzard, 
nerally  expands  itself  into  a large  pouch,  termed  the  crop. 

this  the  food  undergoes  a sort  of  maceration,  and  is  mixed 
:h  the  juices  which  it  contains  pretty  abundantly.  It  is 
■m  transmitted  to  the  gizzard,  passing  in  its  way  over  an 
nndance  of  gastric  glands,  which  pour  out  then-  secretions 
it  as  it  passes.  Arrived  here,  the  powerful  muscles  of  the 
:zard  contract ; they  grind  the  food,  press  it  in  every  direc- 
u,  and  break  it  small  by  the  assistance  of  numerous  small 
jibles,  which  the  instinct  of  the  animal  directs  it  to  swallow. 
It  some  people  tell  us  that  fowls  swallow  pebbles  from  mere 
pidity ! Any  grains  which  escape  this  bruising  process 
knot  be  acted  on  by  the  solvent  fluid,  but  are  evacuated 
digested.  Now  in  most  birds  that  feed  on  vegetables,  the 
sning  from  the  gizzard  into  the  intestines  has  no  valve  to 
-vent  the  contents  of  the  cavity  of  the  gizzard,  when  full, 
an  escaping  into  the  intestines  without  undergoing  digestion, 
is  will  be  understood  at  once  by  referring  to  our  last  plate, 
. 6,  where  we  see,  that  if  the  gizzard  was  full,  any  additional 

■ d taken  in  might  at  once  pass  from  a,  the  gullet,  to  d,  the 
■estine,  without  getting  deeper  than  the  very  entrance  of  the 

■ mach,  and  so  without  being  submitted  to  its  proper  action, 
■re,  then,  say  some,  is  a manifest  waste  of  food  for  want  of  a 
:»per  provision  for  retaining  it.  But,  in  the  first  place,  the 
;ste  can  only  take  place  when  there  is  a superabundance  of 
•■d,  as  it  is  only  the  overflowings  of  the  stomach  can  pass  olf 

this  way ; and  secondly,  so  far  is  it  from  being  a useless 
. ste,  that  this  is  one  of  the  means  appointed  for  the  dissemi- 
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nation  of  plants  over  extensive  tracts  of  country,  and  for  trans- 
porting them  to  coral-hanks,  and  newly -formed  islands,  where, 
otherwise,  we  could  scarcely  say  how  vegetation  should  com- 
mence. It  is  also  to  he  remarked,  that  the  growth  of  grain  ia 
much  accelerated  by  having  undergone  this  process,  which  is 
something  analogous  to  what  farmers  do  when  they  steep  their 
wheat  previous  to  sowing  it.  The  haws,  or  berries  of  white- 
thorn, require  being  buried  in  the  earth  for  a year  before  they 
are  fit  to  he  sown ; but  if  turkeys  are  fed  with  them  in  the 
autumn,  and  the  dung  is  sown,  the  plants  begin  to  vegetate  in 
the  following  spring. 

The  crop  is  generally  situated  at  the  bottom  of  the  neck, 
or  in  front  of  the  breast,  and  every  one  may  have  observed  the 
fulness  in  that  part  after  a fowl  has  made  a good  meal.  InU 
some  birds,  however,  the  crop  is  situated  much  further  backjl 
even  behind  the  breast-bone,  close  to  the  tail.  This  was  first* 
observed  by  M.  Herissant,  a French  anatomist,  in  the  cuckoo, 
and  he  thought  he  had,  in  this  formation,  discovered  the 
reason  why  that  bird  does  not  sit  on  her  eggs:  for,  as  he 
ai'gued,  the  crop  being  situated  so  far  back,  and  just  in  the 
place  which  would  cover  the  eggs  in  incubation,  it  would  be 
most  uncomfortable,  when  this  was  swelled  with  food,  to  have 
a prominence  from  within  meeting  a like  prominence  from 
without.  This  was  very  ingenious,  but  is  another  proof  of  thei 
danger  of  drawing  general  conclusions  from  an  individual  facta 
Further  observations  showed  that  a like  formation  existed  inti 
birds  that  did  sit  on  their  eggs;  Mr.  White  found  it  in  thei 
fern-owl,  and  Blumenbach  in  the  nut-cracker  and  other  birdsi 
On  the  other  hand,  Wilson  found  no  such  peculiarity  of  struc4 
ture  in  the  cow-bunting  of  Xorth  America,  which,  like  that 
cuckoo,  leaves  its  eggs  to  the  care  of  another.  In  reptiles  thejl 
stomach  is  simple,  in  serpents  thin  and  membranous,  scareelyjJ 
distinguishable  from  the  oesophagus,  but  provided  with  all 
powerfully  solvent  juice.  In  some  fishes,  such  as  the  mullet 
and  gillaroo  trout,  it  is  so  muscular  as  to  have  got  the  name 
of  a gizzard.  It  is,  however,  distinguished  from  this,  as  Mr. , 
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Hunter  states,  by  wanting  the  peculiar  cartilaginous  or  horny 
ning.  The  object  of  its  strength  is  to  enable  them  to  break 
lie  shells  of  the  small  mollusca,  on  which  they  feed.  The 
•i  stomachs  of  some  Crustacea,  as  the  crab  and  lobster,  present  the 
i seculiarity  of  being  framed  on  a skeleton,  and  furnished  with 
eth,  which  are  wanting  in  the  mouth.  Insects  present  this 
rrgan  in  all  the  before-mentioned  varieties ; the  earwig  rivals 
y ne  Crustacea  in  having  the  upper  orifice  of  its  stomach  fur- 
iished  with  a double  row  of  teeth ; and  the  mole-cricket 
■sembles  the  ruminants,  in  having  no  less  than  four  distinct 
□id  separate  cavities. 

But  we  must  return  to  our  most  important  subject,  the 
i Human  stomach,  and  consider  some  points  connected  with  it,  on 
hich  we  have  not  yet  touched.  These  are  the  sensations  of 
•i  ranger  and  thirst,  and  the  kinds  of  food  most  suited  for  our 


Hunger  has  been  very  differently  explained.  Some  ascribe 
to  an  uneasiness  arising  in  the  stomach  from  its  being  empty 
id  unoccupied ; others  to  the  rubbing  together  of  the  internal 
>ats  of  its  opposite  sides ; others  to  the  dragging  of  the  liver, 
dw  no  longer  supported  by  a full  stomach;  others  to  the 
rtion  of  the  gastric  fluid  on  the  coats  of  the  stomach.  This 
st  theory  seems  most  favoured  by  Dr.  Wilson  Philip,  who 
j llduces,  in  support  of  it,  the  following  case.  ‘ A person  was 
iduced  to  remain  four-and-twenty  hours  without  food,  and 
len,  in  place  of  indulging  his  appetite,  to  provoke  vomiting, 
quantity  of  a clear,  glairy  fluid  was  brought  off,  which  was 
resumed  to  be  the  gastric  juice,  and  the  person  no  longer  felt 
ny  desire  to  eat.’  But  the  gastric  juice,  can  only  act  on  the 
•«ats  of  the  stomach  by  its  bulk,  or  its  chemical  properties. 
Ihe  former  clearly  is  not  the  cause  of  hunger,  as  then  a person 
'ould  be  most  hungry  when  the  stomach  was  most  full ; and  as 
,r  the  latter,  we  have  shown  above  that  gastric  juice  can  only 
nt  on  dead  matter.  Besides,  many  persons  lose  their  appetite 
hen  the  regular  time  of  their  meal  is  past,  though  we  cannot 
uppose  that  at  the  same  time  the  gastric  juice  has  disappeared 
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from  their  stomachs.  [Dr.  Beaumont,  however,  denies  that  the 
gastric  juice  is  secreted,  except  upon  the  application  of  food  or 
some  other  stimulus.]  Neither  is  the  mere  sense  of  empti 
sufficient  to  account  for  the  feeling  of  hnnger,  which  we  kno 
is  increased  by  the  application  of  cold  to  the  surface,  and  in 
stantly  by  swallowing  cold  liquids.  The  explanation  by  friction  i 
is  equally  unsatisfactory;  because  friction,  if  it  does  really 
occur,  cannot  be  greater  than  that  of  the  sides  of  the  stomach 
against  its  contents  immediately  after  a meal,  when  the  organ  i 


in  great  action,  hut  at  which  time  hunger  does  not  exist 
Hunger  has  been  attributed  also  to  a sympathy  of  the  stomach 
with  a general  feeling  of  want  in  the  system.  But  hunger  is 
removed  as  soon  as  a due  proportion  of  food  has  been  swallowed, 
and  long  before  it  is  digested,  and  carried  into  the  gem 
system.  Thus  fowls  are  satisfied  when  their  crops  are  filled 
although  their  food  is  not  even  ground  preparatory  to  digesti 
until  it  reaches  the  gizzard;  and  ruminating  animals  cease 
collect  fresh  food  before  they  begin  to  chew  that  with  whid 
their  stomachs  are  distended.  From  these  considerations  Dr 
Elliotson  supposes  that  hunger  may  be  a sensation  conm 
with  the  contracted  state  of  the  stomach.  We  know  that 
the  stomach  becomes  empty,  it  contracts,  not  by  the  falling  in] 
of  the  sides,  but  by  the  regular  action  of  its  circular  fibres.  I 
always  then  maintains  its  cylindrical  form,  and  we  have 
occasion  to  see  this  remarkably  exemplified  in  some  c/ioleri 
cases,  in  which  the  stomach  was  so  shrunk  in  as  to  resemble;| 
at  first  sight,  a portion  of  the  small  intestine,  yet  was  its  foi 
preserved.  Dr.  Elliotson  further  supports  his  opinion,  by  thi 
observation  that  such  tilings  as  we  may  suppose  to  inert 
the  contraction,  also  increase  the  appetite.  Thus  a draught  ol 
cold  liquid,  which  cannot  but  contract  the  stomach,  and  corrm 
o-ate  its  inner  coat,  increases  hunger;  and  acids,  bitters,  am 
astringents,  have  the  same  effect,  and  from  their  nature  mayl 
be  supposed  to  act  in  the  same  way.  Again,  it  is  diminished , 
by  heat,  and  everything  that  relaxes.  It  ceases  as  soon  as  the, 
stomach  is  filled,  no  matter  whether  the  substances  used  be  | 
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nutritive  or  not.  The  Otomacs,  during  the  periodical  inunda- 
:ons  of  the  rivers  of  South  Amei-ica,  when  the  depth  of  the 
raters  almost  entirely  prevents  fishing,  appease  their  hunger  for 
wo'  or  three  months,  by  distending  their  stomachs  with  prodi- 
fious  quantities,  a pound  and  upwards  in  a day,  of  a fine, 
nctuous,  strong-smelling,  yellowish -grey  clay,  slightly  baked, 
nd  estitute  of  all  organic  substance,  oily  or  farinaceous.  The 
iamtschatkans  sometimes  appease  then-  hunger  by  distending 
leir  stomachs  with  sawdust,  for  the  want  of  something  better. 
This,  however,  we  know  now  to  contain  some  particles  capable 
T being  digested. 

On  the  whole,  no  single  cause  seems  as  yet  sufficient*  to 
count  for  all  the  facts  connected  with  hunger.  We  must, 
rhaps,  look  to  a combination  of  several  of  those  we  have  men- 
oned,  and,  above  all,  acknowledge  the  powerful  influence  of 
bit  and  the  nervous  system.  The  faquirs  and  dervises,  who 
e,  by  then-  vows,  obliged  to  long  fasts,  blunt  the  sensibility  of 
ae  nerves  by  the  free  use  of  opium  and  tobacco,  which  they  find 
> diminish  the  pangs  of  hunger.  The  same  object  is  attained 
longst  some  tribes  of  Northern  Asia  by  a girdle  braced  tightly 
’.er  the  stomach,  and  laced  behind  with  cords,  drawn  closer  as 
ne  uneasiness  increases.  Some  attribute  this  to  the  principle  on 
Ihich  pressing  on  a limb  lessens  the  communication  of  pain  from 
s extremity : Dr.  Elliotson  accounts  for  it  by  the  fact,  that  a 
ht  bandage  diminishes  the  pain  arising  from  strong  muscular 


■intraction ; and  this,  we  have  shown,  is  the  mode  in  which  he 
-counts  for  hunger. 

Thirst  is  a still  more  imperious  call  than  hunger,  and  is  much 
,3S  patiently  endured.  The  blood  as  it  circulates  is  constantly 
•luring  out  its  watery  particles  in  the  form  of  perspiration, 
^halation  from  the  lungs,  the  saliva,  the  secretions  that  moisten 
<e  serous  membranes,  and  many  other  such  ways.  As  it  parts 
-ith  these,  its  saline  particles  become  more  concentrated,  the 
cood  itself  more  stimulating,  the  jaws  and  throat  become 
arched  and  dry,  and  we  are  thus  admonished  that  a further 
jpply  of  drink  is  necessary  to  the  system.  The  use  of  salted  food 
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hurries  the  demand  for  this  in  two  ways,  both  by  increasing  the 
quantity  of  saline  matter  in  the  circulation,  and  by  stimulating 
the  salivary  glands  so  strongly,  as  to  produce  too  copious  a flow 
of  that  liquid,  which  is  thus  sooner  exhausted.  Violent  passions 
that  totally  destroy  the  desire  for  food,  on  the  contrary  increase  that 
for  drink.  Rage  and  terror  dry  up  the  mouth  and  throat,  and  cause 
violent  thirst ; and  the  worthy  Vicar  of  Wakefield,  when  his  son 
Dick  was  reciting  the  Elegy  on  the  Death  of  a 51  ad  Dog,  called 
to  his  wife  for  a bottle  of  gooseberry  wine,  adding  as  a reason, 
‘ For  grief,  you  know,  Deborah,  is  dry.’ 

A singular  proof  of  the  influence  which  agitating  passions 
have  in  the  suppression  of  the  salivary  secretion,  is  thus  men- 
tioned by  Mr.  Annesley,  in  his  admirable  work  on  the  Diseases 
of  India : — 


‘ The  secretion  of  the  saliva  seems  to  be  under  the  influence 
of  the  same  mental  emotions  as  effect  the  functions  of  the 
stomach.  Fear,  anxiety,  and  various  other  depressing  passions, 
diminish  digestion,  and,  most  probably,  produce  this  effect,  by 
stopping  the  secretion  of  gastric  juice.  Observation  shows  us 
that  they  have  a decided  influence  in  lessening,  or  even  in  entirely 
arresting  the  secretion  of  saliva ; a circumstance  not  unknown  to 
the  observant  nations  of  the  east.  In  illustration  of  this,  it  may 
be  mentioned  that  the  conjurers  in  India  often  found,  upon  this 
circumstance,  a mode  of  detecting  theft  among  servants.  When 
a robbery  has  been  committed  in  a family,  a conjurer  is  sent  for, 
and  great  preparations  are  made.  A few  days  are  allowed  to 
elapse  before  he  commences  his  operations,  for  the  purpose  of 
allowing  time  for  the  restitution  of  the  stolen  property.  If. 
however,  it  be  not  restored  by  the  time  fixed,  he  proceeds  with 
his  operations,  one  of  which  is  as  follows.  He  causes  a quantity  of 
boiled  rice  to  be  produced,  of  which  all  those  suspected  must  eat; 
and  after  masticating  it  for  some  time,  he  desires  them  all  to  spit 
it  upon  separate  leaves,  for  the  purpose  of  inspection  and  compa- 
rison. He  now  examines  this  masticated  rice  very  knowingly, 
and  immediately  points  out  the  culprit,  from  observing  that  the 
rice  which  he  has  been  masticating  is  perfectly  dry,  while  that 
which  was  masticated  by  the  others  is  moistened  by  saliva.’ 
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The  sensation  of  thirst  is  referred  to  the  throat ; it  depends, 
lowever,  not  upon  any  peculiar  condition  of  that  part,  but  rather 
n the  wants  of  the  system  at  large,  as  the  following  case  well  de- 
monstrates. A Malay  sailor  had  his  throat  cut ; the  wound  divided 
ot  merely  the  windpipe,  hut  also  the  oesophagus  ; on  attempting 
swallow  either  solids  or  liquids  they  escaped  by  the  wound 
ithout  entering  the  stomach.  Soon,  almost  intolerable  thirst  came 
a,  and  was  referred  as  usual  to  the  hack  of  the  throat ; the  patient 
not  an  almost  unlimited  supply  of  water  into  his  mouth,  and 
owed  it  to  pass  over  the  fauces,  though  it  was  prevented,  by 
lie  wound,  from  entering  the  stomach ; the  thirst  was  not 
elieved;  a flexible  tube  was  at  last  passed  down  into  the 
tomach,  and  water  allowed  to  enter  that  cavity ; the  thirst 
Imost  immediately  subsided. 

The  length  of  time  during  which  perfect  abstinence  can  be 
nme,  without  death  following,  is  not  well  ascertained.  Indeed, 
e may  wonder  that  men  have  attempted  to  fix  any  particular 
sriod,  unless  they  could  first  show  that  digestion  and  assimi- 
ition  were  equally  rapid  in  all.  The  effects  of  a protracted 
33tinence  are,  a diminution  of  the  size  of  the  body,  and  a 
Tostration  of  strength,  which  soon  become  apparent ; discolora- 
ion  of  the  fluids,  especially  the  blood;  suppression  of  all  dis- 
narges  from  the  bowels,  though  those  from  the  kidneys  continue, 
nd  it  is  remarkable  that  they  are  increased  if  the  body  be 
lequently  drenched  with  water ; extreme  sensibility ; sleepless- 
ess ; intolerable  thirst;  painful  sensation  in  the  region  of  the 
<omach ; these,  however,  cease  after  a few  days,  leaving  only 
weakness  and  sense  of  sinking.  But  a material  alteration  in 
■ie  mind  is  also  taking  place.  Imbecility  first  comes  on ; this  is 
ucceeded  by  ferocity.  Each  looks  with  horror  and  aversion  on 
13  fellow-sufferer.  Men  become  wild,  quarrelsome,  turbulent, 


sgardless  of  their  own  fate  and  that  of  their  neighbours.  Reason 
‘elds  her  seat:  idiotcy  follows  ferocity;  or,  delirium  coming  on, 
«e  sufferer  dies  raving  mad.  It  is  only  this  can  account  for  the 
orrible  atrocities  committed  in  such  cases.  The  shipwrecked 
iilors,  in  the  extremity  of  starvation,  draw  lots  which  shall  die 
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to  feed  the  rest;  women,  pressed  by  the  same  feeling,  hare 
devoured  their  own  children,  as  we  read  in  Josephus,  happened 
at  the  siege  of  Jerusalem ; and  in  Holy  Writ,  when  Ben-hadad 
besieged  Samaria;  and  Captain  Franklin  was  assured,  in  his 
journey  to  the  Polar  Sea,  ‘ that  men  and  women  are  yet  living, 
who  have  been  reduced  to  feed  upon  the  bodies  of  their  own 
family,  to  prevent  actual  starvation;  and  a shocking  case  was 
cited  to  us  of  a woman  who  had  been  principal  agent  in  the 
destruction  of  several  persons,  and  amongst  the  number,  her 
husband  and  nearest  relatives,  in  order  to  support  life.’ 

The  strong  and  robust  die  the  soonest  from  want  of  food,  for 
in  them  digestion  is  most  powerful ; and  from  the  energy  of  all 
the  vital  functions  the  supply  is  most  quickly  exhausted.  The 
knowledge  of  this  fact,  for  which  he  was  probably  indebted  to 
Hippocrates,  has  enabled  Dante,  true  to  nature,  in  his  thrilling  II 
episode  of  Ugolino,  to  depict  the  father  as  perishing  the  last,  after 
having  witnessed,  in  all  the  agonies  of  rage  and  despair,  the  suf- 
ferings and  death  of  his  four  sons  who  were  imprisoned  with 
him.  The  opinion  that. tins  order  was  not  accidental  or  poetical, 
is  strengthened  by  liis  making  the  father  die  on  the  eighth  day, 
the  very  period  at  which  Hippocrates  declares  abstinence  to  be 
necessarily  fatal.  That  it  was  not  an  actual  description  of  what 
did  occur,  is  also  certain ; for  Morgagni  tells  us,  that  when  this 
unfortunate  family  had  been  shut  up,  the  keys  of  the  prison  were 
flung  into  the  Arno,  that  no  one  should  witness  or  assist  at  the 
heart-rending  spectacle  of  their  mortal  agony. 

A tradesman,  impelled  by  a succession  of  misfortunes,  retired 
to  a sequestered  spot  in  a forest  in  Germany,  and  there  resolved  | 
to  starve  himself  to  death.  He  commenced  putting  his  determi 
nation  in  force  the  15th  of  September,  iS  18,  and  was  found  eigb 
teen  days  after,  still  living,  although  speechless,  insensible,  and 
reduced  to  the  last  stage  of  debility.  A small  quantity  of  liquid 
was  given  him,  after  which  he  expired.  By  his  side  was  found  a 
pocket-book  and  pencil,  the  former  containing  a daily  journal  of 
his  state  and  sufferings  up  to  the  29th  of  September,  four  days 
before  his  death.  He  had  constructed  a little  hut  of  bushes  and 
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weaves.  On  the  17th  of  September  he  complained  of  suffering 
rrorn  cold;  on  the  iStli  his  thirst  was  so  intolerable  that,  to 
ppease  it,  he  licked  some  dew  from  the  surrounding  vegetables. 
)>n  the  20th  he  found  a small  coin,  and  with  difficulty  reached  an 
run,  where  he  purchased  some  beer ; the  beer  failed  to  quench  his 
thirst,  and  his  strength  was  so  reduced,  that  he  took  three  hours 
co  accomplish  the  distance,  which  was  but  two  miles.  On  the 
2nd  he  discovered  a spring  of  water,  but,  though  tormented  with 
Hurst,  was  obliged  to  forbear  drinking,  from  the  agony  the  cold 
• ater  caused  in  his  stomach,  exciting  vomiting  and  convulsions, 
’he  25th  made  ten  days  since  he  had  taken  anything,  except 
*eer  and  water.  During  that  time  he  had  not  slept  at  all.  On 
le  26th  he  complained  of  his  feet  being  dead,  and  of  being 
Istracted  by  thirst ; he  was  too  weak  to  crawl  to  the  spring,  yet 
eing  dreadfully  susceptible  of  suffering.  The  29th  of  September 
as  the  last  day  on  which  he  made  a memorandum. 

The  most  extraordinary  cases  of  protracted  abstinence  have 
cen  met  with  in  weak  and  infirm  women,  living  in  obscurity 
id  inaction,  and  in  whom  life,  nearly  extinct,  just  showed  itself 
1 a scarcely  perceptible  pulse,  and  a slow  indistinct  respiration, 
ne  of  the  best  authenticated  of  these  is,  that  of  Janet  Macleod, 
ublished  in  the  Philosophical  Transactions  for  1777,  and  cer- 
;fied  by  Dr.  Mackenzie,  the  physician  who  drew  up  the  report, 
id  by  the  sheriff  depute  and  other  magistrates  of  Boss-shire. 
Be  girl  had  been  healthy  until  the  age  of  fifteen,  when  epileptic 
ts  and  fever  reduced  her  to  the  lowest  state  of  debility.  Her 
ipetite  gradually  diminished,  until  at  last  she  refused  all  kind 
sustenance;  her  jaws  became  closely  locked,  so  that  it  became 
ecessary  that  her  father  should  open  them  with  a knife,  when 
tey  attempted  to  make  her  swallow  anything.  It  was,  however, 
vain.  She  constantly  rejected  whatever  was  offered  to  be  put 
to  her  mouth;  and  from  Whitsuntide,  1763,  for  a period  of 
iir  years,  they  never  could  ascertain  that  anything  passed  down 
-T  throat,  except  a pint  of  water,  which  she  drank  once  at  a 
"aught,  and  a very  small  quantity  of  water,  from  a mineral 
"ring  in  the  neighbourhood,  with  which  they  filled  her  mouth 
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at  another  time.  During  this  period  she  generally  lay  on  her 
side  without  moving,  her  eyes  closed,  her  pulse  beating  faintly, 
her  legs  contracted,  and  bent  backwards  and  upwards.  Towards 
the  end  of  the  fifth  year  her  jaws  become  unlocked,  she  appeared 
a little  more  lively,  and  partook  occasionally  of  a small  quantity 
of  oaten  or  barley-cake,  crumbled  in  the  hollow  of  her  hand,  and 
moistened  with  milk.  She  was  able  to  leave  her  bed,  but  the 
account  does  not  proceed  so  far  as  to  say  whether  she  ever 
reached  any  degree  of  health  and  strength.  This  case,  however, 
bears  on  the  face  of  it  the  marks  of  imposture,  of  the  same  nature 
as  those  by  which  the  vulgar,  and  many  of  the  learned  too,  are 
ever  and  anon  so  successfully  duped. 

Cases  of  enormous  gluttony  have  been  most  common  in  the 
other  sex.  At  the  age  of  seventeen,  Tarare,  a Frenchman,  bom  s 
at  Lyons,  was  able  to  eat  a quarter  of  beef  in  twenty-four  ; 
hours.  Having  left  his  parents,  and  travelled  towards  Paris, 
sometimes  begging,  and  sometimes  stealing,  he  attached  hi  ms 
then  to  a show,  and  soon  gained  great  celebrity  by  devoirring  a 
huge  basketful  of  apples,  for  which  one  of  the  spectators 
had  undertaken  to  pay,  and  afterwards  swallowed  a quan- 
tity of  flints,  corks,  and  other  such  substances.  Being  admitted 
into  the  Hotel-Dieu,  on  account  of  violent  colics  brought  on 
by  these  tricks,  he  was  narrowly  prevented  swallowing  the 
watch,  chain,  and  seals  of  M.  Giraud,  the  house-surgeon. 
At  the  commencement  of  the  revolution,  he  joined  the  mob, 
and  procured,  by  this  means,  enough  of  food.  When  the  war 
broke  out,  he  entered  the  army.  His  comrades,  having  at 
first  the  means  of  procuring  themselves  better  food,  allowed 
him  to  devour  their  rations ; but  this  did  not  last  long, 
and  Tarare,  nearly  famished,  fell  ill,  and  was  admitted  into 
the  hospital  at  Sulzer.  Here  he  was  recognised  by  M.  Cour- 
ville,  who  had  formerly  seen  him  at  the  Hotel-Dieu,  - and 
who  now  took  him  under  his  charge  for  the  sake  of  observ- 
ing so  singular  a case.  He  had  a fourfold  allowance,  but  not 
content  with  that,  proceeded  to  eat  up  what  was  left  by  the 
other  patients,  the  waste  of  the  kitchen,  the  poultices,  and 
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rerything  that  came  in  his  way.  He  devoured  dogs  and 
uts,  until,  M.  Percy  assures  us,  they  fled  at  the  sight  of  him. 
:i  the  presence  of  M.  Loreuze,  physician-general  to  the  army,  he 
■ized  a large  cat  alive,  by  the  throat  and  paws,  tore  open  its 
lly  with  his  teeth,  sucked  its  blood,  and  devoured  it,  leaving 
othing  but  the  skeleton.  In  a few  hours  after  he  threw 
the  fur,  just  as  birds  of  prey  do.  Large  snakes  he  was 
nd  of,  and  despatched  them  with  the  greatest  facility;  and 
ue  day  he  gobbled  up,  in  a few  minutes,  all  the  dinner  pre- 
red  for  fifteen  German  labourers,  which  consisted  of  four 
jwls  of  curd,  and  two  immense  dishes  of  dough  boiled  in  water 
ith  salt  and  fat. 

It  occurred  to  M.  Courville  that  he  might  be  made  useful  in 
nveying  letters  requiring  secrecy,  when  there  was  danger  of 
eir  falling  into  the  hands  of  the  enemy.  He  proposed  to  him 
swallow  a lancet-case,  in  which  he  had  placed  a sheet  of 
rite  paper.  This  Tarare  readily  did,  and  returned  the  case 
xt  day  with  the  paper  unsoiled.  He  was  now  taken  before 
e general  (Beauharnois),  in  whose  presence  he  swallowed 
irty  pounds  of  raw  liver,  and  afterwards  the  case,  in  which 
general  had  placed  a letter  to  one  of  his  colonels  that 
d been  taken  prisoner.  Tarare  was  not  very  fortunate  in 
is  embassy.  He  was  caught  by  a Prussian  outpost,  and  as 
thing  could  be  found  on  him,  was  beat  as  a spy,  and  impri- 
led  for  about  thirty  hours.  Disgusted  with  this  unhandsome 
satment,  he  declared,  on  his  return,  that  he  wished  to  bo 
ed  of  his  omnivorous  propensities,  and,  accordingly,  was  re- 
itted  into  the  hospital,  where  opium,  tobacco,  and  various 
ler  remedies  were  tried  without  success.  His  insatiable  appe- 
still  continued,  and  he  was  in  consequence  obliged  to  have 
ourse  to  the  most  disgusting  means  of  allaying  it.  Sewers 
G slaughter-houses  were  ransacked;  be  disputed  their  prey 
~h  the  dog  and  the  wolf;  and  at  last  strong  suspicions  of 
nnibalism  caused  him  to  be  driven  from  the  camp.  From  this 
e he  was  not  heard  of  until  four  years  after,  when  M.  Percy 
.nd  him  at  the  hospital  of  Versailles  in  the  last  stage 
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or  a consumption,  no  longer  voracious,  but  weak,  wa s 
and  labouring  under  a purulent  diarrhoea.  He  shortly 
and  his  body  almost  immediately  became  a mass  of  putridity. 

He  was  of  the  middle  height,  thin,  and  weak.  His  eh 
were  wan  and  furrowed,  and  when  distended  enabled 
to  conceal  in  them  ten  or  twelve  good-sized  eggs  or  apples.; 
This  approach  to  the  cheek-pouches  of  bats,  apes,  hamst 
and  other  ravenous  animals,  deserves  notice.  On  being  ope 
his  stomach  was  found  to  be  of  an  immense  size,  and, 
well  as  all  the  intestines,  in  a state  of  suppuration.  Du: 
life  he  was  always  offensive,  hot,  and  in  a sweat.  IV 
he  had  eaten  but  moderately,  he  was  able  to  wrap 
skin  of  his  belly  almost  round  his  body.  After  a full  mi 
he  used  to  retire  to  a comer,  and  fall  into  a brutal  state  al 
insensibility. 

The  principal  facts  of  this  case  may  be  considered  illusi 
live  of  most  cases  of  excessive  gluttony,  so  that  we  need  n 
add  any  more.*  Hut  a remarkable  instance  of  the  powei 
which  the  stomach  has  of  preserving  itself  from  the  injuries  oi 
foreign  bodies,  is  found  in  the  following  singular  account 
a man  who  lived  ten  years  after  having  swallowed  a number 
clasp-knives.  To  render  it  still  more  interesting,  we 
quote  the  description  drawn  up  by  the  man  himself,  while 


in  Guy’s  Hospital,  and  read,  after  his  death,  to  the  Medical 
and  Chirurgical  Society  of  London,  by  the  late  Dr.  Marcet.  It 
is  headed, — 

‘ Narrative  of  John  Cummins,  drawn  nj)  by  himself — A 
miraculous  recovery  of  a seaman,  who  swallowed  a number  ol 
knives  at  three  different  times,  as  you  see  in  this  little  book.’  < 

The  little  book  begins  by  informing  us,  that  in  the  month  ot 
June,  i799>  he  and  some  of  his  shipmates,  being  at  Havre, 
went  into  a tent  and  saw  a man  swallow  a knife,  for  which 


* In  the  third  volume  of  the  Transaction * of  the  Koval  Asiatic  Society  is  sr 
account  by  Major  General  Hardwicke  of  a Hindu,  who,  in  his  own  presence,  »*< 
up  an  entire  sheep,  and  w as  said  to  find  no  difficulty  in  finishing  two  at  a sing1' 
repast. 
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:ht  they  paid  a livre  each.  On  their  return  to  the  ship,  they 
down  and  ‘ began  to  enjoy  the  former  part  of  the  night  as 
(lows : — After  drinking  very  hearty,  one  of  the  company 
rued  the  story  concerning  the  above  play-actors,  which,  he 
neated,  that  it  was  an  extraordinary  affair  to  swallow  knives, 
ee  author  made  answer  directly,  and  told  him  that  he  could 
ullow  knives  as  well  as  they  could.  The  company  present 
tk  notice  of  the  above  answer  being  made  so  quick,  and 
the  curiosity  of  the  circumstance,  made  a serious  inquiry  if 
i\vas  man  enough  to  perform  what  he  had  already  stated.  He 
not  like  to  go  against  his  word,  neither  was  he  anxious  to 
*e  the  job  in  hand ; but  by  having  a good  supply  of  grog 
ardly,  he  took  his  own  pocket-knife  and  tried  it  first,  which 
•ped  down  his  throat  with  great  ease;  and  by  the  assistance 
:some  chink,  and  the  weight  of  the  knife,  conveyed  it 
» his  stomach.  But  still  the  spectators  seemed  not  satis - 
with  one,  but  made  further  inquiry  if  he  could  swallow 
more.  He  replied  in  a word,  ‘ All  the  knives  on  board 
ship.’  By  this  answer  there  were  three  more  knives  pre- 
red  upon  the  table,  which  he  swallowed  in  a few  minutes, 
same  way  as  the  former.  And  by  this  bold  attempt  of 
irunken  man,  the  company  was  well  entertained  for  that 
tit.’  In  the  course  of  two  days  after  he  passed  three  of  the 
v.-es,  but  never  could  ascertain  what  became  of  the  fourth. 
Never,  it  never  gave  him  any  pain  or  uneasiness, 1 and  shortly 
ir  he  took  his  departure  from  France,  and  never  thought  on 
blowing  any  more  knives  for  the  space  of  six  years ; after 
tch  you  shall  see  as  follows : ’ — 

■'Boston,  March  13,  1S05,  was  in  company,  where  lie  gave 
report  of  his  success  in  swallowing  knives  in  France,  in 
«e,  1799.  Two  or  three  of  the  company  told  him  plain  to 
Face,  that  it  was  impossible  for  any  man  to  do  such  a thing, 
that  it  was  nothing  but  false  report,  which  he  took  it  very 
uly  affronted ; but,  after  considering  a short  time,  told  the 
jpany  he  was  the  same  man  still,  and,  if  it  was  agreeable, 
he  would  satisfy  their  curiosity.  One  small  knife  was  pre- 
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sented  to  him,  which  he  swallowed  instantly : in  the  course  o 
that  night  he  swallowed  five  more,  which  made  six  in  alh  Xerl  §- 
morning  he  had  a thousand  visitors,  hut  gave  very  few  of  then 
admittance.  It  happened  in  the  course  of  that  day  that  hi 
swallowed  eight  more,  and  six  the  night  before,  which 
fourteen ; and  that  was  the  14th  of  the  month ; so  he 
swallowed  a knife  for  every  day  the  month  was  old.  Xe 
morning  was  the  15th;  he  was  taken  very  ill,  with  const 
vomiting  and  pain  in  his  stomach.  Directly  he  was  brought  ti 
Charleston  Hospital,  and  betwixt  that  period  of  time  and  thj 
28th  following,  was  safely  delivered  of  his  cargo,  and  the  wh 
of  them  are  preserved  in  the  infirmary  of  that  city.’  His  nex  i 
fit  of  swallowing  was  brought  on  in  nearly  the  same  manner,  0: 
hoard  H.  M.  S.  Isis,  December  4th,  1805;  and  in  the  course  c 
that  night  he  swallowed  five  knives. 

‘ Next  morning,  being  the  5th  day  of  the  month,  the  ship'  l 
company  were  anxious  to  see  the  performance  renewed  the  secon  | 
time ; by  the  encouragement  of  the  people,  and  the  assistance  ( 
good  grog  (and  his  lot  was  ordained  to  be  miserable  after,  i 
consequence  of  the  same),  he  swallowed  nine  that  day  to  his  ow  I 
knowledge  ; and  the  spectators  informed  him  afterwards  that  fc  *: 
swallowed  four  more,  that  he  knows  nothing  about : they  wei  1 


all  clasp-knives,  and  some  of  them  very  large.’  Xext  day  he  1 
obliged  to  apply  to  the  surgeon,  and  continued  for  a long  time  a 
invalid,  occasionally  suffering  much  pain,  which  was  alwa\ 
increased  just  before  he  passed  parts  of  the  knives. 

‘ June  12th,  1807,  he  was  discharged  this  ship  in  consequenc 
of  his  complaint,  and  likewise  being  found  at  the  survey  unse 
viceable : after  which  he  was  admitted  into  Guy’s  Hospital,  undi 
the  care  of  Dr.  Babington.  Great  many  never  believed  such 
circumstance.  After  five  weeks  being  in  the  hospital,  was  pn 
sented  out,  and  was  in  lodgings  for  the  space  of  five  weeks;  bi 
finding  himself  getting  worse,  was  obliged  to  make  the  secon 
application,  and  was  re-admitted  under  his  physician  again.’ 

There  is  little  to  be  added  to  this  narrative,  which  was  four 
in  the  pocket  of  the  unfortunate  man  after  his  decease,  but  th:  i 
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i;!  became  gradually  worse,  and  died,  March,  1809,  in  a state  of 
| ctreme  emaciation.  On  opening  his  stomach,  between  thirty 
nd  forty  fragments  were  found  in  it,  being  evidently  pieces  of 
undies,  blades,  and  back-springs  of  knives.  They  are  preserved 
| the  Museum  of  Guy’s  Hospital. 

Many  disputes  have  arisen  respecting  the  kind  of  food  on 
lich  man  should  naturally  subsist ; but  these  disputes  tend  to 
i)tbiug,  for  man  would  be  in  vain  adapted  for  living  in  all 
rieties  of  climate,  were  he  not  also  capable  of  using  great 
iriety  of  food.  Thus  many  at  present  live  solely  on  potatoes, 
.ites,  or  other  vegetables.  The  wandering  Moors  have  scarcely 
y other  food  than  gum.  The  inhabitants  of  Kamtschatka,  and 
ly  other  shores,  scarcely  any  other  than  fish.  The  shepherds 
the  province  of  Caraccas,  in  South  America,  on  the  banks  of 
Oronoko,  and  even  some  tribes  in  Europe,  live  almost  wholly 
flesh.  Some  barbarous  nations  devour  raw  animals ; some 
spiders,  and  different  species  of  crustaceous  and  molluscous 
lals.  Many  South  American  tribes  eat  clay  as  a luxury ; the 
ajeroes,  on  the  west  of  the  Rio  de  la  Hache,  carry  a little  box 
lime,  as  sailors  do  a tobacco-box ; and  German  workmen  at  the 
irantain  of  Kiffhonser  spread  clay  instead  of  butter  on  their 
id,  and  find  it  very  satisfying,  and  easy  of  digestion. 

The  articles  of  diet  generally  employed  by  every  nation  and 
of  society  are  much  determined  by  the  facility  with  which 
are  procured.  Animal  food  we  find  more  used  in  cold 
mates,  and  vegetable  in  warm.  A mixture  of  the  two,  how- 
i:T,  is  considered  more  agreeable,  and,  at  the  same  time,  better 
ted  to  our  necessities.  Dr.  Prout  reduces  all  the  articles  of 
iment  used  by  the  higher  animals  to  three  classes ; the  sac- 
rine,  oily,  and  albuminous.  The  first  comprehends  sugar, 
rches,  gums,  and  some  other  analogous  principles ; the  second, 
s,  fats,  alcohol,  &c. ; the  third,  other  animal  matters,  and 
[getable  gluten,  so  abundant  in  wheat.  He  was  led  to  this 
«ory  by  observing  that  milk,  the  only  article  actually  furnished 
| i intended  by  nature  as  food,  is  essentially  composed  of  three 
iredients,  the  oily,  butter;  the  albuminous,  curd,  cheese;  and 
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the  saccharine,  which  is  found  in  the  whey.  From  this  he  was 
by  degrees  led  to  the  conclusion  that  all  the  alimentary  matters, 
employed  by  man  and  the  more  perfect  animals,  might  probably 
he  reduced  to  the  same  three  general  heads.  And  this  conclusion 
has  been  favoured  by  a course  of  experiments  which  he  has  since 
instituted.  The  food  of  man,  being  destined  to  form  or  to  nourisli 
his  tissues,  must  evidently  consist  of  the  same  elements  as  those 
of  which  the  tissues  are  composed,  Now,  some  of  the  tissi 
such  as  muscle,  brain,  &c.,  are  made  of  organic-matter  containing 
nitrogen ; to  nourish  these  we  require  to  take  food  which  con: 
such  nitrogenous  matter : in  fact,  the  albuminous.  Other  te: 
of  the  body,  fat  for  instance,  consist  of  organic  matter  not  con-i 
tabling  nitrogen ; to  support  these,  non-nitrogenous  org 
substances  are  required,  the  oily,  namely,  and  the  saccb 
Many  parts  of  the  body  moreover  contain  a large  amount  of: 
inorganic  material,  earthy  and  other  salts,  as  in  the  case  of  the) 
teeth  and  the  hones ; it  is  necessary  then  that  such  salts  should  : 
enter  into  the  composition  of  our  food.  Lastly,  water  is  an  1 
important  element  of  the  animal  frame,  so  a considerable  amount  t 
of  water  must  he  taken  in  the  way  of  food. 

These  four  great  classes  of  substances  then,  the  nitrogenous  <■ 
and  non-nitrogenous  organic  substances,  the  saline,  and  the 
aqueous,  together  with  the  air  which  we  breathe,  are  all  abso-  i 
lutely  necessary  for  the  continual  preservation  of  the  frame,  and 
these  four  ai-e  met  with  accordingly  in  all  the  usual  kinds  of  ; 
aliments.  Deprived  of  any  one  of  these,  man  would  perish  after  I 
a time  proportioned  to  the  importance  of  the  part  played  by  each. 
Soonest  if  deprived  of  water,  speedily  if  wanting  the  nitrogenous, 
a little  later  without  the  non-nitrogenous  food,  but  as  certainly 
if  deficient  in  the  saline  alone.  To  quote  the  words  of  Dr.  Prout, 

‘ Thus,  from  the  earliest  times,  instinct  has  taught  us  to  add  oil 
or  butter  to  farinaceous  substances,  such  as  bread,  which  are 
naturally  deficient  in  this  principle.  The  same  instinct  has 
taught  us  to  fatten  animals,  with  the  view  of  procuring  the 
oleaginous  in  conjunction  with  the  albuminous  principle,  which 
compound  wc  finally  consume,  for  the  most  part,  in  conjunction 
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iith  the  saccharine  matter,  in  the  form  of  bread,  or  vegetables. 
uren  in  the  utmost  refinements  of  luxury,  and  in  our  choicest 
licacies,  the  same  great  principle  is  attended  to,  and  the  sugar 
id  flour,  the  eggs  and  butter,  in  all  their  various  forms  and 
imbinations,  are  nothing  moi'e  than  disguised  imitations  of  the 
eat  alimentary  prototype,  milk,  as  presented  to  us  by  nature.’ 
We  have  delayed  long  on  the  stomach  and  its  contents,  yet 
are  very  far  from  having  exhausted  so  copious  and  interesting 
isubject.  Our  limits  would  warn  us  to  conclude,  yet  we  cannot 
» so  without  returning  to  the  case  of  Alexis  St.  Martin,  detailed 
page  So,  for  the  purpose  of  showing  the  practical  bearing  of 
. Beaumont’s  experiments  as  regards  the  food  of  man.  W e 
ve  stated  that  Martin’s  stomach,  having  been  perforated  by  a 
lusket-shot,  healed,  the  aperture  not  becoming  closed ; and  that, 
course  of  time,  a valve  grew  down  over  it,  which  completely 
ttained  the  food,  unless  it  was  intentionally  lifted  up,  in  which 
the  food,  at  any  period  of  its  digestion,  could  be  extracted 
d examined.  This,  of  course,  enabled  Dr.  Beaumont  to  ascer- 
rn,  with  much  precision,  the  relative  digestibility  of  different 
ads  of  food ; and  the  following  may  be  taken  as  a condensed 
3W  of  the  results  of  his  experiments. 

Of  Farinacea. — Rice  boiled  soft,  was  perfectly  converted  into 
Vine  in  an  hour ; sago  in  one  hour  forty-five  minutes ; tapioca, 
irley,  &c.,  two  hours ; bread,  fresh,  three  hours — stale,  two 
urs ; sponge-cake,  two  hours  thirty  minutes. 

Of  Vegetables. — Cabbage,  raw,  two  hours  thirty  minutes — 
died,  four  hours  (vinegar  much  assisted  its  digestion) ; potatoes, 
nsted,  two  hours  thirty  minutes — boiled,  three  hours  thirty 
nutes;  carrots,  boiled,  three  hours  fifteen  minutes  ; beet,  boiled, 
tree  hours  forty-five  minutes ; turnips,  boiled,  three  hours  thirty 
nutes ; beans,  boiled,  two  houi's  thirty  minutes ; parsnips, 
filed,  two  hours  thirty-one  minutes. 

Of  Fruit. — Apples,  sour  and  hard,  two  hours  fifty  minutes — 
-llow,  two  hours — sweet  and  ripe,  one  hour  thirty  minutes; 
~h,  mellow,  one  hour  thirty  minutes. 

Of  Fisk  and  Shell  Fish. — Trout,  boiled  or  fried,  one  hour 
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thirty  minutes ; cod-fish,  cured  and  boiled,  two  hours ; oysters, 
undressed,  two  hours  fifty-five  minutes — roasted,  three  hoi 
fifteen  minutes — stewed,  three  hours  thirtyminutes ; bass,  broiled,  - 
three  hours ; flounder,  tried,  three  hours  thirty  minutes ; salmon, 
salted  and  boiled,  four  hours. 

Of  Poultry,  Game,  Sfc. — Turkey,  roasted,  two  hours  thirty 
minutes — boiled,  two  hours  thirty-five  minutes ; goose,  wild, 
roast,  two  horns  thirty  minutes ; chicken,  fricasseed,  two  hours 
forty-five  minutes;  fowls,  domestic,  boiled  or  roast,  four  hours: 
ducks,  tame,  roast,  four  hours — wild,  roast,  four  houi-s  thirty 
minutes. 

Of  Butchers'  Meat,  Sfc. — Soused  tripe  and  pig’s  feet,  tried  oi 
boiled,  one  hour;  venison  steak  broiled,  one  hour  thirty-five 
minutes ; calf’s  or  lamb’s  liver  broiled,  two  hours : sucking  pig. 
two  hours  thirty  minutes ; mutton,  broiled,  three  hours — boiled, 
three  hours — roast,  three  hours  fifteen  minutes;  beef,  fresh, 
broiled,  three  hours — roasted,  three  hours — lightly  salted  anc 
boiled,  three  hours  thirty-six  minutes — old,  hard,  salted,  foui  t 
hours  fifteen  minutes — pork  steak,  broiled,  three  hours  fifteen 
minutes — lately  salted  and  boiled,  four  hours  thirty  minutes— 
stewed,  three  hours — roast,  five  hours  fifteen  minutes;  vea  1: 
broiled,  four  hours — fried,  four  hours  thirty  minutes. 

Varieties. — Eggs,  raw,  two  hours — roasted,  two  hours  fifteen  t 
minutes — soft-boiled,  three  hours — hard-boiled  or  fried,  threap  . 
hours  thirty  minutes ; custard,  baked,  two  hours  forty-fin 
minutes  ; milk,  two  hours  ; butter  and  cheese,  three  hour 
thirty  minutes ; suet,  four  hours  thirty  minutes  ; oil,  somewhat 
longer;  apple-dumpling,  three  hours ; while  calfis-foot  jelly  was 
digested  in  little  more  than  half  an  hour. 

Such  are  the  principal  of  Dr.  Beaumont’s  facts,  obtained  as 
the  mean  of  numerous  experiments  : in  many  points  they  confirm, 
in  others,  differ  fi'om  the  tables  of  Doctors  Paris,  Prout,  Wilson 
Philip,  &c.  They  all,  however,  agree,  that  venison  is  one  of  the| 
most  easily  digested  of  meats,  that  white  fowls  are  in  general 
more  so  than  brown,  beef  than  veal,  and  boiled  meat  than  meat  i 
dressed  in  any  other  way.  Oily  food  is  peculiarly  indigestible- 
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1 it  was  only  consequent  upon  the  use  of  such,  that  Dr. 
minont  found  bile  to  enter  the  stomach  during  digestion, 
nm  subsequent  experiments  made  out  of  the  body,  he  ascer- 
aied  the  fact  ( which  at  once  explained  the  above ),  ‘ that  oily 
ffatty  food  is  sooner  digested,  when  there  is  a small  admixture 
bile  with  the  gastric  juice.’  Of  course,  such  food  should  be 
itiously  abstained  from,  by  all  persons  labouring  under  bilious 
rplaints. 

We  now  proceed  to  trace  the  food  in  its  further  downward 
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ET  I.  Of  the  Intestinal  Canal,  and,  what  talces  'place 
there : — of  the  Live, r,  Pancreas,  Spleen,  and  Kidneys . 

' HE  food  we  left  at  the  pyloric  end  of  the  stomach,  after  being 
properly  acted  on  by  the  gastric  juice,  and  reduced  to  that 
yish  pulpy  mass  termed  chyme.  When  the  food,  thus  altered,  is 
sented  to  the  pylorus,  the  muscles  of  this  latter  relax  ; the  ring 
tens;  and  a free  passage  is  allowed  the  food  from  the 
coach  into  the  first  part  of  the  intestines. 

That  part  of  the  alimentary  canal,  which  extends  generally 
a very  tortuous  course,  from  the  lower  orifice  of  the  stomach 
’the  vent,  or  anus,  is  called  the  intestines.  It  is  usually  di- 
ed into  the  small  intestines,  and  the  great  intestines : each  of 
sse  are  subdivided  into  three  parts,  those  of  the  small  in- 
t ines,  named  duodenum,  jejunum,  and  ileum ; while  those  of 
great  intestines  are  called  ccecum,  colon,  and  rectum.  The 
<er  in  which  we  have  named  them  will  show  how  these  parts 
*ceed  each  other  as  we  pass  from  the  stomach  towards  the 
it. 
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There  is  always  a relation  observed  between  the  form  and  . 
size  of  the  great  intestines,  the  small  intestines,  and  the  stomach.  ] - 
It  is  generally  true,  that  the  intestinal  canal  is  shorter  in  earn;, 
vorous,  and  longer  in  herbivorous  animals,  as  compared  with  the 
length  of  the  body.  Omnivorous  animals,  such  as  man,  hold  a 
middle  rank  in  this  respect.  There  are,  however,  some  except, 
tions  to  this  rule ; the  seal  has  very  long,  and  the  sloth  very  short 
intestines.  In  man  the  small  intestines  are  about  twenty-sis 
feet  long,  or  from  four  to  five  times  the  length  of  the  body : th{ 
great  intestines  six  feet,  or  one  length  of  the  body : the  latte 
are  termed  great,  from  their  superior  diameter.  The  wholt 
intestines,  then,  in  man,  may  be  said  to  be  six  times  the  length 
of  the  body,  while  in  the  lion  they  are  but  five  times,  and  in  the 
ram  extend  to  twenty-seven  times  its  entire  length.  As  we  gel 
through  the  classes  of  vertebrated  animals,  these  proportions 
diminish.  In  birds,  the  intestinal  canal  is  to  the  length  of  the 
body,  as  two,  three,  four,  or  rarely,  five  to  one.  It  is  hardh  ! 
twice  the  length  of  the  body  in  many  reptiles,  and  not  so  much  f 
in  the  frog ; while  in  some  fishes  the  alimentary  canal  is  con-  < 
tinued  straight  from  the  mouth  to  the  vent,  and  therefore  does  - 
not  equal  the  length  of  the  body.  This  is  the  case  with  the  I i < 
lamprey,  skate,  and  shark. 

Like  the  stomach,  the  intestines  have  three  coats.  The  outer.  . 
derived  from  the  serous  membrane,  binds  them  all  to  the  back-  IP- 
hone, yet  with  so  long  a bond  as  to  give  them  considerable  r 
freedom  of  motion.  Inside  this  we  find  the  muscular  coat,  con- 
sisting of  fibres  in  a longitudinal  and  circular  direction,  by 
which  the  motions  called  peristaltic  and  vermicular  are  pro- 
duced. It  is  by  these  motions  that  their  contents  are  urged  for- 
ward ; and  the  mode  in  which  this  is  done  may  be  understood  t 
from  this  sketch. 

Let  a b c D E be  different  portions  of  the  intestine,  in  the 
first  of  which,  a,  is  contained  a part  of  the  alimentary  mass, 
which  has  been  softened  down  and  formed  into  a pulp.  Notice  n 
of  its  presence  there  is  given  by  the  nervous  filaments  with  || 
which  this  part  is  supplied.  In  consequence,  the  muscular  fibresli 
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f a contract,  and  pass  its  contents  into  B ; they  do  not,  however, 
inmediately  relax,  for  b being  now  stimulated,  contracts  in  turn, 
f,  then,  a were  to  relax  immediately,  as  much  of  the  contents  of 


would  go  back  into  A as  forward  into  c.  But  a.  remaining 
contracted,  b discharges  itself  into  c : A then  relaxes,  and  b re- 
mains contracted  until  c has  passed  on  its  contents  to  D.  If  the 
motion  be  made  back  from  C to  B,  and  B to  a,  this  is  termed 
nti-peristaltic,  and  such,  we  have  reason  to  believe,  accompanies 
le  inverted  motion  of  the  stomach  in  vomiting,  for  the  bile, 
hich  naturally  does  not  enter  the  stomach,  is,  at  such  times, 
ischarged  from  it  in  the  greatest  abundance. 

A singular  effect  that  sometimes  results  from  irregular  con- 
■actions  is,  that  one  part  of  the  intestine  is  swallowed  within 
le  other.  This  is  called  intus-susceptio.  Thus,  if  some  acrid 
- irritating  matter  have  got  attached  to  the  inner  coat  of  a,  one 
jrtion  of  an  intestine,  a shall  contract  itself  very  powerfully 


the  endeavours  to  get  rid  of  it,  but  discharging  nothing  into 
, there  will  be  no  inducement  to  B to  contract;  it  will,  there- 
re,  remain  open,  and  any  further  contraction  of  the  longitudi- 
nl  fibres  will  cause  a to  slip  within  B.  The  inner  coat  of  b is 
ow  sensible  of  something  within  it,  consequently  b contracts, 
•id  squeezing  tightly  the  vessels  of  a,  stops  its  circulation; 
lortification  comes  on,  and  death  ensues. 
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The  arrangement  of  the  longitudinal  muscular  fibres  varies 
in  the  colon.  In  place  of  being  distributed  in  a regular  order 
round  the  intestine,  they  are  collected  into  three  bands,  which, 
being  shorter  than  the  intestine,  cause  it  to  appear  puckered  up. 
The  intervals  between  these  bands,  being  weaker,  yield  more 
readily  to  distension,  forming  cells  or  sacculi.  The  faeces,  when 
dry,  readily  assume  the  form  of  these  cells,  as  may  be  well  ob- 
served in  the  horse,  goat,  and  sheep. 

Within  the  muscular  coat  is  a layer  of  fine  condensed  cel- 
lular structure,  so  distinct,  as  often  to  be  described  as  a separate 
coat,  under  the  title  of  vascular,  from  the  quantity  of  blood-  j 
vessels  that  ramify  in  it;  or  nervous,  from  a mistake,  perpetu- 
ated from  the  old  anatomists. 

The  true  internal  coat,  however,  which  is  finely  spread  over 
this,  is  the  most  curious  part  of  the  whole  structure ; for  by  its 
means  is  the  nutriment  separated  from  the  food  as  it  passes 
along,  and  conveyed  into  the  mass  of  the  blood.  This  coat  is 
termed  villous.  It  has  a soft  fleecy  surface,  and,  being  of 
greater  extent  than  the  other  exterior  coats,  is  thrown  into  cir- 
cular folds,  which  hang  into  the  intestine  like  imperfect  valves, 
with  then-  concave  edge  floating.  They  have  the  name  of  vat- 
vulce  conniventes.  Their  use,  as  described  by  Sir  Charles  Bell, ' ; 
is  ‘ to  increase  the  surface  exposed  to  the  aliment ; to  enlarge  the 
absorbing  surface ; and,  at  the  same  time,  to  give  to  it  such  an  irre- 
gularity, that  the  chyle  may  lodge  in  it  and  be  detained.’  The 
villi,  from  which  this  coat  has  its  .name,  are  a number  of  ex- 
tremely fine,  short,  filaments,  that  appear  like  a fine  down  on  its 
surface.  They  are  so  minute,  as  not  to  be  easily  observed  with- 
out the  aid  of  a magnifying-glass ; yet  each  of  them  contains  an 
artery,  vein,  filament  of  a nerve,  and  an  absorbent  vessel.  When 
there  is  nothing  in  the  intestine,  they  are  flat,  relaxed,  and 
hanging  down ; but  when  the  food  gives  notice  of  its  presence  to 
the  nervous  filament,  the  artery  becomes  stimulated,  more  blood 
is  sent  into  it,  the  villus  is  erected,  and  the  absorbent  is  seen 
collecting  the  white,  milky  nutriment,  the  course  of  which  we 
shall  have  to  trace  further  when  speaking  of  the  absorbent 
system. 
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Around  and  between  the  bases  of  the  villi  are  placed  innu- 
merable small  glands,  pouring  out  a watery  mucous  secretion, 
diich  assists  the  passage  of  the  food,  by  presenting  to  it  a con- 
santly  lubricated  surface.  From  the  presence  of  these  glands, 
:is  coat  has  also  been  denominated  the  mucous  coat ; and  the 
indent  will  always  bear  in  mind  that  it  is  still  a modification 
the  external  skin,  which,  at  first,  folded  over  the  edges  of 
•e  lips,  acquires  new  properties  in  the  mouth ; is  thence  con- 
aued  as  a soft,  spongy,  delicate  lining  through  the  oesophagus, 
;awn  into  longitudinal  folds  by  the  contraction  of  the  circular 
wscles;  at  the  great  end  of  the  stomach  is  wrinkled,  while 
unerous  glands,  placed  beneath  it,  pour  out  their  secretions, 
d gastric  juice  is  exhaled  from  its  surface,  somewhat  as  per- 
iration  is  from  the  external  skin;  towards  the  pylorus  it 
3umes,  in  many  animals,  the  villous  appearance,  caused  by 
e minute  ends  of  the  vessels  throwing  it  up  like  so  many 
tie  nipples ; these  are  extremely  numerous  in  the  small  in- 
stines ; gradually  diminish  as  we  approach  the  large ; until, 
last,  when  we  come  to  the  rectum , we  find  it  again  the  smooth, 
□ngy  lining,  exactly  as  it  was  in  the  gullet,  and  prepared 
ain  to  give  up  its  peculiar  character,  by  being  once  more  con- 
luous  with  the  external  skin,  which  occurs  on  the  edges  of  the 


it. 


From  this  description  of  the  structure  of  the  intestines  we 
all  readily  understand  a division  of  much  importance  in  the 
tore  of  purgative  medicines.  Some,  as  rhubarb,  act  by  sti- 
ilating  the  muscular  coat  to  contract ; the  peristaltic  motion 
comes  more  active,  and  the  solid  contents  are  evacuated. 
Line  remedies,  on  the  contrary,  have  their  action  on  the 
»od-vessels ; they  excite  them  to  discharge  a large  quantity 
a watery  fluid,  as  salt  placed  in  the  mouth  produces  a 
jge  flow  of  watery  saliva ; and  this  fluid,  mixing  with  the 
iid  contents  of  the  intestines,  dissolves  them  down  into  a thin 
iid  mass,  which  is  easily  passed  forward.  In  some  cases,  how- 
••r,  the  solid  contents  have  become  too  hard  and  solid  to  be 
us  acted  upon,  and  they  remain,  causing  much  irritation  and 
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disturbance,  when  an  ignorant  physician  imagines  the  bowel 
must  be  totally  clear,  because  his  patient  has  had  abum 
watery  evacuations. 

So  much  for  the  intestines  generally;  but  before  we 
mine  their  functions  more  particularly,  we  must  speak  of  soi 
organs  which  now  become  connected  with  the  digestive  pri 
For,  when  the  chyme  has  passed  the  pylorus,  and  got  into  tbl 
duodenum,  it  becomes  mixed  with  the  bile  and  pancreatic  Huh 
which  are  both  poured  in  through  ducts  opening  into  this 
of  the  intestine ; at  the  same  time,  a considerable  change  is  o' 
served  to  take  place  in  it,  and  a separation  into  two  parts,  t 
one  white,  rich,  and  nutritive,  called  the  chyle,  the  other  t] 
bulky  indigestible  residuum  forming  the  faces.  It  becomi 
necessary,  therefore,  to  inquire  how  far  this  change  depends 
the  admixture  of  these  fluids ; and  this  inquiry  will  be  assi 
by  examining  the  nature  of  the  fluids  and  the  organs  by  whi 
they  are  secreted. 

The  Liver.  The  first  of  these  is  the  liver,  by  which 
bile  is  formed  from  the  blood,  with  which  it  is  abundan 
supplied.  This  is  the  bulkiest  of  all  the  viscera ; it  lies  on 
right  side,  close  up  under  the  ribs ; attached  at  top  to 
diaphragm,  while  its  lower  part,  stretching  towards  the  cen 
line  of  the  body,  lies  in  front  of  where  the  stomach  passes 
the  duodenum.  On  the  posterior  side  of  the  liver  is  placed 
gall-bladder,  in  shape  like  a pear,  and  serving  as  a reservoir 
which  to  keep  the  bile  until  it  is  required  in  the  duodeu 
The  duct  leading  into  the  duodenum  is  generally  met  by 
joined  to  the  duct  bringing  the  pancreatic  fluid,  so  that  they 
pour  their  contents  on  the  chyme  at  the  same  place. 

It  has  long  been  a matter  of  dispute  whether  the  liver  foi 
its  bile  from  arterial  or  venous  blood.  To  understand  this  qm 
tion,  it  is  necessary  to  state,  that  while  most  other  organs  rece: 
only  arterial  blood  and  return  venous,  the  liver  receives 
arterial  and  venous  blood,  and  the  latter  in  a very  pecul: 
manner.  For  the  general  rule  of  the  circulation  is,  that  arteri 
setting  out  from  the  heart,  divide  and  subdivide  as  they  advan 
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until  the}'  have  attained,  an  extreme  degree  of  minuteness ; veins, 
n the  contrary,  commencing  where  these  terminate,  gradually 
unite  into  trunks,  and  those  into  larger  trunks,  till  at  last  they 
a return  the  whole  blood  of  the  body  into  the  heart,  by  two  large 
onduits ; one  from  the  head  and  upper  extremities,  the  other 

- nrom  the  trunk  and  lower  extremities.  To  this  general  rule 
ti  ihere  is  a curious  exception  as  regards  the  liver.  The  veins 

- vom  the  stomach,  spleen,  great  and  small  intestines,  unite  to 
a K»rm  a trunk.  This,  in  place  of  running  towards  the  heart,  or 

niting  itself  to  some  other  trunk,  runs  into  the  liver.  It 
liters  it  between  two  of  its  lobes,  which  form  something  like  a 
e ate  for  its  reception,  whence  its  name  vena  portae,  and  imme- 
iately  commences  dividing  and  subdividing  itself  in  the  sub- 
sin  lance  of  the  liver,  as  though  it  had  been  an  artery.  Now  a 
i-jB  orge  artery  (the  hepatic)  also  enters  the  liver,  and  branches  out 
« usual. 

The  liver,  then,  has  two  sources  of  supply ; it  has  but  one 
ii  troduct,  the  bile  : the  question,  then,  is  simply  this,  from  which 
jAiurce  of  supply  is  the  product  formed?  Minute  researches 
- ito  the  nature  of  glands,  seemed  to  show  that  secretion  takes 
s dace  in  extremely  minute  vessels ; now  it  was  thought  that  the 
ispute  respecting  the  bile  would  be  settled,  by  ascertaining 
. ; j Aether  the  minute  vessels  in  which  it  was  secreted  were  con- 
::  tnuous  with  the  final  subdivision  of  the  artery  or  the  vein. 
,v  [pon  this  speculation,  therefore,  the  anatomists  set  to  work 
tith  knives  and  magnifying  glasses.  Some  pursued  up  the 
:tery  to  its  minutest  branch ; others  the  vein.  Some  sliced  the 
er  across,  and  tried  what  they  could  see  in  the  section  ; others 
tt  it  longitudinally.  Some  examined  it  raw,  some  boiled,  some 
ijj  lacerated  in  water,  in  spirits,  or  in  acids.  After  much  trouble 
p this  way,  it  appeared  that  each  of  them  saw  what  he  liked  to 
4 K>  but,  unfortunately,  could  seldom  make  any  one  else  see  it. 

was  agreed,  then,  that  this  would  not  decide  the  point;  and 
i ®°ther  mode  was  hit  on.  One  gentleman  made  a very  fine 
Ijection  of  size  or  paint,  and  forcing  it  with  a syringe  into  the 
*na  porta,  found  it  returned  by  the  biliary  ducts  and  the  hepatic 
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veins,  which  are  employed  in  returning  from  the  liver  all  the 
blood  that  remains  after  the  bile  has  been  formed,  and  the  or_ 
nourished.  Here  was  ‘ confiimation,  full  as  strong  as  proofs  i 
Holy  Writ.’  The  blood  of  the  vena  portae  not  only  sufficed  fb: 
the  biliary  secretion,  hut  filled  the  hepatic  veins.  The 
hepatic  artery  was  in  danger  of  having  nothing  at  all  to  do, 
that,  fortunately,  another  gentleman  took  it  into  his  head  to  drivt 
his  paint  injection  through  it,  when  lo ! the  biliary  ducts 
hepatic  veins  became  filled  with  equal  facility.  In  short,  al 
these  systems  of  vessels  communicated  so  freely,  that,  by  usi 
a certain  degree  of  force,  from  any  one  you  could  fill  all  the  n 
Experiments  on  living  animals  were  next  had  recourse  to.  Som< 
tied  the  vein,  and  said  that  stopped  the  secretion  of  bile : othi 
tied  the  artery,  and  reported  the  same  results.  In  most  case 
the  unfortunate  animals,  made  the  subject  of  experiment,  wer 
so  injured  by  the  operations,  or  by  the  subsequent  inflammation 
that  they  afforded  no  fair  grounds  for  inferring  what  might  o 
did  occur  in  their  natural  condition.  Argument,  now,  was  th 
last  resort ; and  those  who  have  studied  the  question  most,  seen 
to  think  with  Sir  Roger  de  Coverly,  that  ‘ much  may  be  said  oi 
both  sides.’ 

One  party  urged  that  the  unusual-  distribution  of  the  vei: 
argues  its  application  to  an  unusual  office ; that  this  office  i: 
the  liver  is  evidently  the  secretion  of  the  bile:  that  the  arte 
has  enough  to  do  in  supplying  nourishment  to  the  organ ; 
the  venous  blood,  containing  more  carbon  than  the  arterial, 
fitter  for  the  elaboration  of  bile,  which  abounds  in  this  principli 
and,  finally,  if  the  vein  be  not  for  this  use,  for  what  use  is  it 
To  all  this  the  other  party  replied,  that  every  other  secretio: 
is  formed  from  arterial  blood,  therefore  analogy  would  sa. 
the  same  for  this ; that  the  size  of  the  hepatic  artery,  almo: 
equal  to  one  supplying  an  entire  limb,  is  too  great  to  suppos 
its  blood  exhausted  in  nourishing  the  liver,  but  that  enoug. 
for  secretion  must  remain ; that  the  use  of  the  novel  distribu 
tion  of  the  vena  porta  is  to  prevent  the  blood  returning  in  to 
great  quantities,  or  with  too  much  violence  on  the  heart,  oi 
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rperhaps,  as  maintaining  a reservoir  of  blood,  for  the  extra- 
ordinary necessities  of  the  system,  out  of  the  immediate  range 
.of  circulation;  that  the  point  respecting  the  greater  or  less 
quantity  of  carbon  scarcely  deserves  notice ; and,  what  is  most 
'mportant,  that  in  mollusca  there  is  no  vena  portae,  yet  bile  is 
secreted,  and  that  two  instances  have  occurred  in  London  where 
the  vena  portae  never  entered  the  liver,  in  which,  consequently, 
■he  whole  secretion  must  have  been  made  from  the  blood  of  the 
iepatic  artery. 

Such  was  nearly  the  state  of  the  question  when  the  first 
dition  of  this  work  was  commenced ; but  an  admirable  paper 
ead  by  Mr.  Kierman  before  the  Eoyal  Society,  and  pub- 
’ished  in  a late  number  of  their  Transactions  has  finally  settled 
he  question,  and  proved,  on  the  indisputable  authority  of 
natomical  demonstration,  that  the  bile  is  secreted  from  venous 
>lood  alone ; that  this  venous  blood  is,  in  part,  that  brought  by 
he  vena  portae,  in  part  that  brought  by  the  hepatic  artery, 
>ecome  venous  after  having  contributed  to  the  nutrition  of  the 
rgan ; that,  therefore,  both  sources  contribute  to  the  formation 
f the  secretion,  and  that  if  one  of  them  were  cut  off,  its  place 
ht,  to  a limited  extent,  be  supplied  by  the  other.  He  has, 
Iso,  fully  explained  the  apparent  anomaly  in  the  cases  above 
lluded  to ; but  his  explanation  involves  too  much  anatomical 
ningto  be  rendered  intelligible  to  our  readers. 

The  fact  of  the  liver  being  employed  in  removing  from  the 
*m  the  superfluous  carbon,  has  caused  it  to  be  considered  in 
me  measure  subsidiary  to  the  lungs,  in  which  we  know  the 
une  takes  place,  the  air  which  enters  them  returning  loaded 
ith  carbonic  acid,  a combination  of  carbon  with  oxygen.  Many 
lings  tend  to  strengthen  this  idea.  The  heat  of  the  body 
pends  on  the  formation  of  this  carbonic  acid ; but  if  the 
ternal  heat  be  sufficient,  there  is  less  necessity  for  internal 
■at,  less  carbonic  acid  is  formed,  more  carbon  is  left  to  be  got 
d of  by  the  liver,  the  bile  becomes  acrid,  and  the  liver  deranged, 
his  accounts  for  the  frequency  of  liver  complaints  in  hot 
imates.  In  the  feetus,  for  whom  the  heat  of  the  mother’s  body 
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must  be  sufficient,  the  lungs  are  collapsed ; while  the  liver  i } 
large,  extending  much  further  down  than  it  does  in  the  adult.  I 
and  a quantity  of  bile  is  secreted,  as  we  always  find  much  I 
greenish  matter,  termed  meconium,  in  the  bowels  of  the  infant  j 
when  born.  If  we  trace  the  scale  of  animals,  also,  we  shall  find  I 
that  as  the  lungs  diminish,  the  liver,  having  a greater  share  off 
business,  enlarges ; frogs,  who  give  out  little  carbonic  acid,  have  i 
more  imperfect  lungs  and  larger  livers  than  sparrows,  who  give  j 
out  a great  deal ; and  in  fishes  and  mollusc  a,  such  as  snails,  I 
oysters,  that  breathe  by  gills,  Mr.  Lawrence  informs  ns  that' 

‘ the  liver  is  very  large,  consists  of  several  lobes,  surrounds  the  I 
stomach  and  intestines,  and  opens  by  several  mouths  into  these  I 
cavities.’ 

The  nature  and  appearance  of  bile  are  tolerably  well  known.  If 
It  is  of  a greenish-yellow  colour,  but  varies  much  in  this  respect:  (I 
sometimes  deepening  into  a brown ; sometimes  brightening  intoll 
a green.  It  is  a viscid  fluid ; and  this  quality  is  much  increased  H 
by  a short  stay  in  the  gall-bladder,  where  absorption  of  its  more  1 
liquid  particles  would  seem  to  take  place.  It  is  sometimes  found  I 
to  contain  animalcules;  and  a species  of  worm,  called  fiul'e , I 
existing  in  the  gall-bladder  and  ducts  of  sheep,  causes  amongst  I 
them  the  disease  termed  the  rot.  Its  taste  has  become  pro-11 
verbial,  ‘ bitter  as  gall.’  Chemists  have  discovered  in  it  a peculiarll 
principle,  named  jpici'omcl  (micpos  bitter,  peXi  honey),  from  itsPi 
combining  a bitter  with  a sweet  taste ; and  on  this  they  supposoll 
many  of  its  properties  to  depend.  The}-  also  speak  of  a green  f 
resinous  part,  but  without  much  certainty. 

In  considering  the  use  of  the  liver,  we  may  regard  it  in  two! 
ways,  first,  as  to  the  effect  which  this  large  organ  would  have  upoil 
the  blood  which  passes  through  it  in  such  great  quantities,  an<w 
secondly,  as  to  the  purposes  served  by  the  fluid  it  secretes — tin! 
bile.  With  respect  to  the  first  of  these,  the  liver  would  evidential 
separate,  by  its  proper  secreting  structure,  the  hepatic  cells, l 
from  the  blood  brought  to  it  from  the  intestines  by  the  vena 
portal,  the  elements  which  form  the  bile.  Now  the  bile  is  a fiukl 
containing  a large  amount  of  lmlro-carbonous,  that  is,  fatty! 
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latter,  the  retention  of  which  in  the  blood  would  have  a very 
ljurious  effect.  The  beneficial  effect  of  this  purifying  process 
H shown  by  the  dangerous  and  even  fatal  results  produced  by 
iy  stoppage  in  the  action  of  the  liver.  If  the  bile-duct  of  an 
limal  be  tied,  and  the  secretion  of  this  fluid  be  arrested,  the 
limal  dies  in  a very  short  time,  as  if  it  were  poisoned ; the 
ime  results  occur  in  certain  diseases  in  man,  attended  with 
oppression  of  the  bile.  We  find,  moreover,  another  peculiar 
~ect  produced  upon  the  blood  during  its  passage  through  the 
ver,  namely,  that  sugar  is  formed.  Where  no  sugar  has  been 
iken  in  the  food,  and  none  can  be  detected  in  the  blood  entering 
ae  liver,  we  can  find  it  in  the  substance  of  this  organ,  and 
ace  it  in  the  blood  leaving  the  liver,  to  the  heart,  and  even  to 
e lungs,  at  which  point  it  becomes  lost,  being  probably  made 
e of  for  respiration.  In  this  way,  perhaps,  we  may  account 
utly,  at  any  rate,  for  the  connexion  which  exists  between  the 
tion  of  the  liver  and  that  of  the  lungs,  and  to  which  we  have 
•fore  alluded. 

With  regard  to  the  action  of  the  bile,  when  poured  into  the 
destines,  our  knowledge  is  less  certain.  Part  of  it  certainly  is 
aded  to  be  got  rid  of  from  the  body,  for  some  of  its  ingre- 
;nts  may  be  traced  in  the  faeces ; but  some  portion  is  probably 
ain  absorbed,  to  be  turned  to  some  account  for  the  wants  of 
system.  It  has  been  suggested,  from  the  relation  which 
sts  between  the  bile  duct  and  the  pancreatic  duct,  that  some 
the  fatty  matter  of  the  bile  is  acted  on  and  dissolved  by  the 
creatic  fluid,  and  at  once  absorbed  by  a special  set  of  vessels, 
be  described  hereafter,  termed  the  lacteals. 

The  liver,  then,  is  evidently  an  organ  of  great  importance  iu 
■ animal  economy. 

The  Pancreas*  is  better  known  in  animals  by  the  name  of 
Jetbread.  It  is  a long  narrow  gland,  placed  behind  the 
ch  and  across  the  back-bone.  It  resembles  very  much  a 
vary  gland,  and  the  fluid  it  exudes  approaches  closely  in  its 


* Funereal,  all  lleahy ; from  rrai/,  ail ; and  Kpeas,  fleab. 
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nature  to  saliva.  It  has  been,  extirpated  without  the  animal! 
health  appearing  impaired.  The  duct  from  it  opens  into  th<j 
duodenum,  along  with,  or  immediately  by,  the  duct  from  thl 
liver.  For  our  knowledge  of  the  use  of  the  pancreatic  fluid  i 
are  principally  indebted  to  the  researches  of  M.  Bernard.  Fr 
his  observations  it  would  appear  that  this  fluid  has  the  power  ol 
forming  an  emulsion  when  mixed  with  oily  or  fatty  matter,  i 
so  rendering  this  kind  of  food  fit  for  absorption.  Anothel 
property  it  possesses  is  that  of  changing  the  starchy  articles  ol 
our  diet  into  soluble  sugar ; in  this  last  property  it  coincic 
with  the  salivary  glands,  to  which  the  pancreas  presents  so  muc 
resemblance  in  structure. 

Another  organ  is  met  with  in  close  anatomical  relation  wit 
the  liver  and  the  pancreas,  which  has  long  been  a puzzle 
physiologists,  and  to  which  the  name  of  the  spleen  has 


The  Spleen  is  of  an  irregular  figure,  and  dark  purple  colon 
situated  at  the  left  side  of  the  abdomen,  close  up  under  thl 
ribs,  as  the  liver  is  at  the  right,  and  attached  at  top  to  tk| 
diaphragm,  and  by  its  side  to  the  great  curvature  of  the  stoma 
It  is  of  a peculiarly  soft,  yielding,  spongy  structure ; comp 
almost  entirely  of  vessels  which  admit  of  being  readily  emptie 
or  as  readily  distended  with  blood,  by  which  it  is  capable 
suiting  itself  to  the  condition  of  the  neighbouring  parts.  Thu 
it  has  been  observed  to  swell  up  aud  enlarge  when  the  storni 
was  empty,  and  to  be  contracted  when  this  organ  was 
From  this,  and  its  close  connexion  with  the  stomach  by  me 
of  vessels  ( vasa  brevia)  which  pass  between  them,  it  has 
generally  considered  as  intimately  connected  with  digest® 
Some  have  supposed  it  to  act  as  a sort  of  fomentation,  or  appl 
cation  of  heat  and  moisture  to  the  end  of  the  stomach,  and  the  i 
to  promote  its  action.  Others  have  said,  that  as  the  stomacl 
when  digesting,  requires  more  blood  than  when  empty,  th 
spleen  acted  as  a reservoir,  in  which  the  blood  was  retaine 
until  the  stomach,  becoming  full,  pressed  on  the  spleen,  and 
compelled  it  to  discharge  the  blood  necessary  for  its  use.  Bq 
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e have  no  proof  that  the  stomach  can  so  compress  the  spleen ; 
:or  is  the  spleen  always  situated  so  immediately  in  its  neigh - 
urhood  as  to  render  this  probable.  The  frog,  for  instance, 
•is  the  spleen  in  the  mesentery ; and,  in  ruminating  animals, 
ie  spleen  is  attached  to  the  paunch,  or  first  stomach,  so  that, 
pressed  on  by  this,  it  would  be  giving  out  blood  when  no 
-gestion  at  all  was  going  on,  as  this  does  not  commence  until 
e food  has  got  into  the  fourth  stomach.  Another  opinion  has 
•en,  that  it  served  as  a counterpoise  to  the  liver,  on  the  opposite 
ie  of  the  belly ; Hewson  thought  it  made  the  colouring 
atter  of  the  blood ; Sir  Everard  Home,  that  it  received  the 
uids  direct  from  the  stomach ; Erasistratus,  that  it  was  of  no 
e at  all ; and  Paley  could  find  no  better  use  for  it  than  as  a 
d or  stuffing  to  assist  in  packing  all  the  other  viscera,  and 
eping  them  comfortable  in  their  places.  All  these  theories 
've  been  refuted,  or,  from  their  absurdity,  not  considered  worth 
"utation.  The  structure  of  the  spleen  being  highly  elastic, 
d presenting  large  spaces  or  cavities  with  which  the  blood- 
els  are  closely  connected,  would  evidently  admit  of  being  at 
time  distended  with  blood,  when  that  fluid  was  not 
|uired  elsewhere,  and  at  another  time  of  recoiling  upon  the 
0(1,  and  allowing  it  to  pass  into  the  circulation.  This,  in  all 
ibability,  would  be  one,  and  an  important  purpose  served  by 
■ spleen,  namely,  as  a diverticulum  or  reservoir  for  the  blood ; 
ordingly  we  find  in  the  cold  fit  of  ague,  when  the  blood, 
’ing  the  surface,  is  concentrated  towards  the  trunk,  this 
an  enlarges  exceedingly  to  receive  the  torrent,  which,  if 
red  on  the  stomach,  liver,  or  lungs,  would  be  attended  with 
ainent  danger.  When  reaction  sets  in,  and  the  hot  stage  is 
J established,  the  blood  again  rushes  to  the  surface,  which 
•v  becomes  red,  heated,  and  swollen,  till  relieved  by  a copious 
‘spiration,  in  which  the  fit  ends;  while  the  spleen  again 
inks  and  collapses  to  its  ordinary  size.  If,  however,  the  lit 
frequently  repeated,  the  spleen  is  not  completely  emptied  each 
5e,  an  accumulation  and  deposition  take  place  in  it,  and  it 
>mes  permanently  enlarged  and  hardened.  This  state  of  the 
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spleen,  familiarly  known  by  the  appropriate  name  of  aync-col 
is  of  common  occurrence  in  Lincolnshire,  and  other  places  whe 
agues  are  rife.  But  the  spleen  is  of  a more  complicated  Ktru 
ture  than  would  be  required  merely  for  this  mechanical  purpod 
it  presents  numerous  cells  and  bodies  resembling  those  met  wi 
in  the  proper  secreting  glands,  and  this  fact  has  led  model 
physiologists  to  class  this  organ  with  certain  analogous  piarts 
the  body  as  ‘ glands  without  ducts.’ 

We  may  infer  from  this  anatomical  peculiarity  that 
further  purpose  is  served,  then,  by  the  spleen.  The  nature 
this  action,  however,  has  been  a source  of  much  dispute.  F 
the  recent  researches  of  Mr.  Gray,  there  would  appear  stroj 
reason  to  believe  that  in  this  organ  the  old  and  worn-out  bli 
corpuscles  (to  be  described  in  a later  part  of  this  work) 
broken  up  and  separated  into  such  parts  as  may  again  be 
use  of  in  the  body  for  the  purposes  of  nutrition,  and  into  th 
which,  being  useless,  may  be  got  rid  of  from  the  blood,  proba 
by  the  agency  of  the  liver,  as  it  is  to  this  organ  that  the  bl 
passes  direct  from  the  spleen. 

We  may  now  return  to  our  chyme,  which  we  left  ent 
the  duodenum. 

The  duodenum  derives  its  name  from  being,  by  old  a] 
mists,  described  as  the  first  twelve  (duo-deni)  fingers'  bread! 
the  intestine,  measured  from  the  pylorus.  It  is  now  better  f| 
more  anatomically  defined,  but  the  old  name  still  remains, 
is  much  larger  than  any  other  portion  of  the  small  intes 
its  functions  and  diseases  are  both  of  the  greatest  impo 
and  by  several  anatomists  it  is  raised  to  the  rank  of  3 s 
stomach.  It  takes  its  course  towards  the  right  side,  from 
orifice  of  the  stomach  lying  across  the  back-bone,  and  above 
pancreas;  it  then  turns  down,  and  having  gone  a short  wa\ 
this  direction,  makes  its  third  turn  towards  the  left,  so  as 
terminate  at  the  back-bone,  nearly  under  the  place  where  it  1 
commenced.  This  will  be  more  clearly  understood  fro: 
reference  to  the  annexed  figure. 


DIGESTION. 


133 


The  ducts  from  the  liver  and  pancreas  open  into  it  in  its 
ddle  or  descending  portion,  and  at  this  point  a remarkable 
age  is  observed  in  the  food.  In  place  of  the  grey  uniform 
ipy  mass  which  we  found  at  the  pylorus,  an  evident  separation. 
:o  two  parts  has  taken  place.  The  bile  also  seems  to  undergo 
imposition,  and  one  of  its  parts  unites  with  the  nutritive  part 
the  food  which  now  swims  at  the  top,  in  the  form  of  a white 
amy  fluid,  while  the  other,  or  proper  bilious  part,  is  found 
xed  with  the  more  solid  remaining  parts,  and  seems  destined, 
its  bitter  and  acrid  qualities,  to  stimulate  the  intestines  to 
oad  themselves  of  the  feces.  So  far  the  changes  produced 
the  bile  seem  almost  entirely  chemical,  and  Dr.  Front  states, 
t having  mixed  chyle  with  bile,  out  of  the  body,  almost  the 
lie  appearances  were  observed.  ‘ A distinct  precipitation  took 
ce,  and  the  mixture  became  neutral.’  He  could  not,  however, 
irly  ascertain  the  formation  of  an  albuminous,  or  nutritive 
nciple,  which  he  attributed  to  the  absence  of  the  pancreatic 
• d.  It  does  not  appear,  however,  that  bile  is  absolutely  neces- 
jy  for  the  separation  ol  the  chyme  into  chyle  and  excrement, 
itrition  continues  to  take  place  in  jaundiced  patients,  in  whom, 
n the  stoppage  of  a gall-stone  in  the  ducts,  or  inflammation, 
ressure  of  the  neighbouring  organs,  not  one  particle  of  bile 
enter  the  duodenum.  In  such  cases,  the  bile,  after  being 
ncd,  is  re-absorbed  and  carried  into  the  blood,  causing  the 
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general  yellowness  of  skin;  while  the  feces,  devoid  of  tbl 
principle,  are  perfectly  white  and  clayey,  and  the  intestines 
wanting  its  stimulus,  become  sluggish  in  their  actions,  fro:; 
which  arises  that  costiveness  so  generally  attendant  upon  thk 
disease. 

The  next  step  is  the  taking  up  this  nutritive  matter,  whit-] 
we  have  seen  separated  hy  the  bile,  and  this  is  entirely  a vita 
process. 

Jejunum  and  Ileum.  By  far  the  greater  part  of  the  ahsorp 
tion  takes  place  in  these,  principally  in  the  first,  as  we  here  fin' 
those  mucous  folds,  and,  consequently,  the  villi,  most  abundant/ 
The  use  of  these  folds  seems  to  be,  not  only  to  increase  the  exten 
of  the  absorbing  surface,  but  to  cause  some  delay  to  the  food  ii 
its  passage,  and  thus  afford  further  time  for  the  absorbents  t< 
act.  In  some  fishes  the  little  delay  thus  afforded  seems  sufficien 
without  the  necessity  for  convolutions.  Thus  the  small  intestin 
of  the  blue  shark  presents  this  appearance,  where  we  see  thes 


Stomach  and  small  Intestine  of  the  Blue  Shart. 

A,  the  stomach.  B,  the  small  intestine,  with  its  spiral  valve. 

folds  transformed  into  a regular  spiral  valve.  The  intestint 
runs  almost  in  a straight  line  to  the  vent ; these  valve? 


* The  mode  in  which  these  parts  are  distinguished  is,  by  calling  the  upp 
two-fifths  of  the  small  intestine  (measured  from  the  duodenum)  jtjun tn>,.  am| 
the  lower  threc-fifihs  ileum.  The  ntime  jejunum  is  said  to  be  derived  tromjcjn 
hungry  • because  this  part  of  the  intestine  is  generally  found  empty.  The  exp 
rience  of  old  anatomists  differs  entirely  from  ours,  for  we  have  as  often  lound 
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lerefore,  are  necessary  to  prevent  tlie  food  from  passing  too 
ipidly  through  it ; they  also  very  much  enlarge  the  absorbing 
■rface. 

As  the  contents  of  these  small  intestines  are  urged  along  by 
oscular  contraction,  they  are  thus  gradually  deprived  of  their 
aid  particles,  become  drier,  and  approach  more  in  their  pro- 
rties  to  fecal  matter. 

The  great  intestines.  Arrived  at  these,  the  mass  has  lost 
ost  all  its  nutritive  particles.  In  animals,  however,  that  live 
food  difficult  of  digestion,  this  is  not  altogether  the  case.  To 
e an  opportunity  for  extracting  any  that  may  remain,  these 
■estines  are  made  very  winding  and  voluminous.  The  caecum 
d colon  in  the  goat,  whose  food,  so  unlike  the  substance  of  our 
"es,  is  with  difficulty  assimilated  to  it,  measures  more  than 
enty  feet;  while  in  the  lion,  feeding  on  flesh,  they  do  not 
■asure  four  feet.  The  absorbents,  however,  are  not  found  in 
' number  opening  into  this  part  of  the  canal,  so  that  not 
ich  nutriment  can  be  acquired  here.  This  accounts  for  the 
Acuity  in  supporting  a person  by  nutritive  injections,  as  is 
etimes  attempted  to  be  done,  when,  from  a very  irritable 
te  of  the  stomach,  or  some  other  cause,  the  patient  is  unable 
-swallow.  These  injections  can  never,  under  ordinary  circ uni- 
ces, reach  higher  than  the  c tecum,  for  a valve  placed  at  its 
ranee,  and  opening  only  downwards,  admits  matter  from  the 
all  intestines,  but  bars  all  return. 

What  remains  after  this  last  absorption  is  excrement;  and 
-an  a sufficient  quantity  of  it  is  collected,  its  bulk  stimulates 
rectum,  or  lower  part  of  the  whole  canal ; the  muscular 
es  of  this  contract ; the  muscle,  which  holds  it  closed  at  its 
nination,  relaxes ; and  by  the  assistance  of  the  abdominal 
‘les,  uselul  in  this  as  in  vomiting,  the  fecal  mass  is  dis- 
ced. This  is  materially  assisted  by  the  structure,  already 
iced,  of  the  internal  membrane  at  this  place.  It  has  become 
spongy,  and  abounding  in  mucous  glands ; the  secretion 
which,  elicited  in  great  abundance  at  this  time,  helps  to 
•icate  the  mass,  and  so  facilitate  its  expulsion. 
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Sir  Everard  Home  had  an  idea  that  the  fat  might  he  formed' 
in  the  large  intestines,  and  made  some  experiments  to  supj>ort: 
this  theory.  A piece  of  muscle,  digested  for  some  days  in  bile, 
appeared  fatty  on  the  surface.  Something  of  the  same  kind 
occurred  in  faeces  that  had  been  long  retained.  Ambergris,* 
which  is  of  a rich  fatty  nature,  is  well  known  to  be  the  contents 
of  the  great  intestine  of  the  whale,  when  from  disease  the  excre- 
ment has  been  long  retained ; and  lumps  of  fat  have  occasionally 
been  passed  by  persons  in  ill-health.  He  mentions  some  other 
circumstances  of  the  same  kind,  but  has  not  succeeded  in  making 
out  his  case. 

Gases  of  different  kinds  are  found  along  the  course  of  the 

alimentary  canal,  either  proceeding  from  the  decomposition  of  the 

food,  or,  as  is  more  probable  in  many  cases,  taken  into  the  canaL 

Careful  analyses  of  these  in  different  parts  have  been  made.  If 

would  appear  that  oxygen  and  nitrogen  are  found  in  most 

abundance  towards  its  commencement ; carbonic  acid  and  by 

gen  towards  its  termination.  Carbonic  acid,  however,  is  bj 

others  stated  to  be  found  in  greatest  quantities  in  the  stomi 

The  oxygen  and  nitrogen  are,  probably,  the  constituent  parts  o 

the  atmospheric  air,  which  must  be  swallowed  at  each  movemem 

of  deglutition,  or  mixed  with  the  food  during  mastication. 

animals  possess  the  power  of  swallowing  air  to  a remarkabi 

degree.  It  is  by  means  of  this  that  the  sea-urchins  swell  pul 

then-  skins,  so  as  to  erect  the  prickles  with  which  they 

covered,  and  which  thus  serve  them  as  a defence  against  shark 

and  other  voracious  fishes : and  it  is  the  same  faculty  thai 

enables  the  nautilus,  thus  rendered  lighter  than  water,  to  rnovt 

gracefully  on  its  surface. 

Eight  as  a flake  of  foam  upon  the  wind, 

Keel-upward  from  the  deep  emerged  a shell. 

Shaped  like  the  moon  ere  half  her  horn  is  filled : 

Fraught  with  young  life,  it  righted  as  it  rose, 

And  moved  at  will  along  the  yielding  water. 

Worth  all  the  dead  creation,  in  that  hour, 

To  me  appeared  this  lovely  nautilus. 


* Do  Blainville  questions  this,  and  says  some  persons  assign  the  productioi 
of  ambergris  to  a sort  of  sepia,  on  which  the  animal  feeds,  and  which,  daring  life 
has  a strong  ambreous  smell. 
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We  have  now  traced  the  food  from  its  entrance  to  its  exit ; 
e have  seen  it  chewed  and  mixed  with  saliva  in  the  mouth ; 
wallowed  by  the  tongue  and  gullet ; changed  by  the  stomach 
ito  chyme  ; by  the  duodenum,  when  mixed  with  the  biliary  and 
ancreatic  fluids,  into  chyle ; its  nutritive  parts  absorbed  from 
re  small  intestines ; and  the  remainder  finally  converted  into 
cerement  in  the  large.  Before  we  proceed  to  inquire  what 
e?comes  of  the  absorbed  paid,  which  would  lead  us  to  the  con- 
tderatiou  of  a new  set  of  vessels,  let  us  say  something  respecting 
Ihat  we  may  term  the  liquid  excrement,  the  mine,  and  the 
•rgans  by  which  it  is  secreted  and  contained. 

An  important  difference  is  to  be  observed  between  secretions. 
»me,  when  formed,  are  applied  to  a further  use  in  the  system ; 
ich  are  the  bile,  the  saliva,  and  these  are  proper  secretions, 
tthers  seem  merely  formed  to  remove  from  the  system  matters 
ihich,  if  remaining  in  it,  would  be  injurious,  and  these,  when 
nned,  are  quickly  discharged : they  are  more  property  termed 
- crctions,  and  of  this  kind  is  the  urine. 

The  urine,  then,  is  one  of  the  means  of  purifying  the  system, 
i d,  in  all  the  mammalia,  is  secreted  by  the  kidneys,  and  con- 
yed  into  a bladder,  from  which,  when  a sufficient  quantity  to 
mulate  it  is  collected,  it  is  expelled.  It  usually  appears  as  an 
undant  watery  secretion,  of  a pale-yellow  colour,  salt  taste,  and 
•:i  *culiar  smell,  not  disagreeable  in  the  urine  passed  by  a healthy 
trson.  The  smell  to  which  the  name  urinous  is  generally 
wen,  is  not  that  to  which  we  allude,  for  it,  in  fact,  arises  from 
*e  decomposition  of  the  urine  which  takes  place  with  great 
qndity  as  soon  as  it  is  exposed  to  the  air.  This  proneness  to 
composition  arises  from  the  great  number  of  ingredients  it 
rntains,  amounting  according  to  Berzelius,  to  seventeen,  while 
»urcroy  and  Vauquelin  swell  the  number  to  no  less  than  thirty, 
short,  it  seems  to  be  a sort  of  sewer  to  the  body,  through 
nch  everything  useless  is  drained  off.  We  shall  find  it  vary 
ich,  according  to  the  times  at  which  it  is  examined  ; and  phy- 
logists  have,  with  a view  to  this,  divided  it  into  urine  of  the 
•ink,  urine  of  the  chyle,  and  urine  of  the  blood. 
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Urine  of  the  drink  is  that  which  is  passed  soon  after  havin 
drank  in  great  abundance ; and  this  is  considered  the  most  im 
perfect,  as  many  of  the  qualities  of  the  liquid  drank  may  of 
he  detected  in  it;  and  it  seems  as  if  the  liquid  had  pa- 
through  the  body  without  being  much  modified  in  its  cor 
Some  liquors,  it  is  known,  produce  thus  secretion  more  abr 
dantly  than  others;  such  are  infusions  of  broom -tops,  of  juni 
berries,  or  of  flax-seed.  Urine  of  the  chyle  is  that  which  i 
voided  a short  time  after  a meal  is  digested.  It  differs,  notabl; 
from  the  other  in  quantity,  density,  colour,  and  odour.  It 
quantity  is  less,  its  density  greater,  because  its  solid  contents  ar 
increased,  its  colour  deeper,  and  its  odour  more  peculiar,  and  le 
referrible  to  the  matters  taken  in.  The  urine  of  the  blood,  how 
ever,  is  that  in  which  all  its  characters  are  more  perfect.  Thi 
is  the  m-ine  passed  in  the  morning,  after  sleep,  during  which  th 
system,  left  to  itself,  and  undisturbed  by  external  influences, 
full  time  to  throw  out,  by  the  kidneys,  all  such  matters  as  i 
requires  to  get  rid  of,  and  which  are  thus  found,  in  their  dm 
proportion,  in  the  secretion.  It  is  this  that  chemists  prefer  t 
analyze.  It  consists  of  water,  a great  number  of  salts  fix* 
which  it  frees  the  blood,  a peculiar  matter  termed  urea,  an  aei 
called  uric  or  litliic,  and  mucus,  together  with  some  other  anim 
matters. 

The  urea  and  uric  acid  are  animal  substances  abounding 
nitrogen ; they  are  derived  probably  from  the  waste  of  the  ni 
genous  tissues  of  the  body,  such  as  the  muscles,  the  nervo 
system,  &c.,  as  well  as  from  the  excess  of  animal  food  which 
absorbed  beyond  what  is  required  for  the  repair  of  the  pro 
tissues.  It  is  the  rapid  decomposition  of  these  and  their  co 
version  into  carbonate  of  ammonia,  that  gives  rise  to  the  punger 
odour  of  hartshorn  that  urine  which  has  been  kept  any  time 
well  known  to  give  off  The  aqueous  part  of  the  urine  tends 
course  to  free  the  blood  of  surplus  water;  and  a balance  exf 
between  this  and  the  amount  of  water  thrown  off  by  the  sld 
in  the  form  of  perspiration;  as  the  one  increases,  the  oth 
diminishes. 
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A horse  at  rest  in  his  stable  passes  urine  abounding  in 
ivater;  but  take  the  same  horse,  fatigue  him  in  the  course, 
xcite  violent  transpiration  from  the  pores  of  the  skin,  and  then 
lis  m-ine  will  he  thick  and  viscid,  often  to  such  a degree  as 

0 produce  difficulty  in  passing  it.  On  the  other  hand,  in  the 
ase  termed  diabetes,  in  which  the  patient  will  sometimes 

iass  thirty  or  forty  pints  of  urine  hi  twenty-four  hours,  the  skin 
s diy  and  hard,  and  the  most  powerful  sudorifics  fail  to  produce 
ny  moisture  on  it.  The  secretion  is  increased  by  cold  and  damp 
ir,  preventing  transpiration  from  the  skin  ; and  diminished  by 
lot  and  dry  air,  by  abundant  huid  discharges  from  the  bowels, 
nd  by  dropsy,  in  which  the  water  seems  all  directed  in  a wrong 
ourse,  and  which  is  often  cured  by  increasing  the  flow  from  the 
kidneys.  The  constant  state  of  action  in  which  the  cutaneous 
xhal  ants  are  kept  in  warm  countries,  accounts  for  the  frequency 
f skin  diseases,  such  as  leprosy,  yaws,  ring-worm,  in  these 
ituations  : while  the  urinary  organs  being  over- worked  in  damp, 
'old  climates,  shows  why  they  are  more  frequently  affected 
mongst  us. 

If  the  urine  be  carefully  examined  with  a good  magnifier,  we 
iay  sometimes  see  extremely  small  shining  crystals  of  a square 
■r  lozenge  shape  floating  through  it.  These  are  crystals  of  uric 
-id,  held  in  solution  while  the  urine  is  in  a healthy  condition; 

1 certain  unnatural  states  of  this  fluid,  however,  or  if  the  acid 
secreted  in  too  great  quantity  to  remain  dissolved,  they 

e often  precipitated  in  a solid  form,  and,  according  as  they 
ite  in  small  grains  or  in  one  large  mass,  give  rise  to  gravel  or 
one,  perhaps  amongst  the  most  painful  diseases  that  flesh 
heir  to.  These  concretions  are  at  other  times  formed  from 
e salts  which  we  said  were  contained  in  the  urine,  and  diet 
•ems  to  have  no  little  influence  in  determining  to  which  of 
ese  classes  the  stone  shall  belong.  Abundant  animal  food, 

■ l’h  soups,  and  indulgence  in  wine,  tend  to  the  formation  of 
,c  acid,  and  this  is  generally  the  gravel  that  accompanies 
' Nt;  while  the  alkaline  concretions  occur  more  frequently 
t children,  in  weakly  persons,  and  such  as  live  much  upon  vege- 
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tables.*  Now,  as  the  dispositions  induced  by  these  means  are] 
directly  opposed  to  each  other,  and  a stone  formed  under  one  of  j 
them  would  be,  if  not  very  large  and  firm,  actually  dissolved  by  J 
the  urine  secreted  under  the  other,  it  is  evidently  of  the  highest] 
importance  that  the  diet  of  persons  labouring  under  this  disc 
should  be  particularly  attended  to.  Medicines  are  used  with  the| 
same  intention,  and  if  resorted  to  at  the  commencement,  may 
succeed  in  dissolving  the  newly-formed  calculi;  at  a lat 
period,  however,  these  are  not  so  easily  acted  on,  and  an  c 
tion  becomes  necessary  for  their  removal.  It  was  at  one  tin 
thought  that  the  injection  of  certain  solvent  fluids  directly  int 
the  bladder  might  suffice  in  all  cases  to  destroy  the  stone ; bu 
it  was  found,  that  when  of  sufficient  strength  to  do 
they  were  also  of  sufficient  strength  to  act  most  injuriously  on 
the  delicate  lining  membrane  of  the  bladder,  and  so  indue 
a most  dangerous  inflammation. 

Certain  substances  have  peculiar  effects  on  the  urine.  Ehu-I 
barb  gives  it  a peculiar  tinge ; asparagus,  as  everybody  knows, 
peculiar  fetid  odour ; and  turpentine,  a smell  like  violets. 

The  urine  seems  to  be  converted  into  a means  of  defence  foil 
certain  animals,  by  being  endued  with  a peculiarly  offensivd 
smell.  This  is  most  remarkable  in  the  fox,  the  pole-cat,  ancj 
the  mouffette,f  an  animal  allied  to  the  same  family.  Bii 


* Dr.  Wollaston,  who  has  made  very  interesting  researches  respecting  thi 
influence  of  different  kinds  of  food  on  the  composition  of  the  urine  in  birds,  founJ 
that  in  a chicken,  fed  solely  on  herbs,  the  uric  acid  was  but  a very  small  fractio 
in  a hundred  parts ; it  was  rather  more  in  a chicken  allowed  to  feed  at  large  in  : 
farm-yard ; in  a pheasant  fed  on  barley,  it  amounted  to  fourteen  J>er  cent . : almos 
formed  the  entire  urine  in  a hawk  fed  on  flesh ; and  altogether  in  a brown  gullfri 
on  fish. 

f The  American  skunk  seems  of  all  animals  the  best  provided  in  this  resp 
It  will  not  run  from  a man  ; and  indeed  exhibits  no  sign  ot  fear  at  the  sight  ot  anl 
animal,  however  powerful.  If  it  perceives  itself  about  to  be  attacked,  it  cnrv< 
its  back,  raises  Us  hairy  tail  in  a vertical  position,  and  then  ejects,  with  conside 
able  force,  its  urine,  which  is  mixed  with  such  an  insupportably  fetid  liquor,  pr< 
duced  by  certain  gUmds  for  the  purpose,  that  neither  man,  dog,  nor  any  anima 
however  fierce,  will  venture  to  touch  it.  Washing,  scouring,  or  baking,  havji 
been  tried  in  vain  to  eradicate  the  smell  from  clothes  once  infected.  Major 
0.  Hamilton  Smith,  who  had  often  seen  the  animal,  informs  us,  in  GrifBthj 
edition  of  Cuvier,  that  the  owner  of  the  New  York  Museum  had  a suit  of  cloth  ft 
completely  ruined  bv  a few  drops;  ‘ after  washing,  they  were  hung  upon  the  r^j 
of  lus  house,  full  fifty  feet  high,  and  yet  could  be  very  distinctly  smelt  some  di  j 
tance  oil’ in  the  streets,  or  the  square  near  the  house.’* 
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Jiave  no  bladder,  but  the  lower  part  of  their  intestine  ends  in  a 
:bag,  called  cloaca,  which  serves  not  only  to  receive  the  faeces, 
cbut  also  the  urine  from  the  kidneys,  and  the  eggs  from  the 
Bovaries.  It  thus  answers  the  purpose  of  rectum,  bladder,  and 
tuterus  or  womb.  They  have,  therefore,  no  distinct  passage  for 
^evacuating  the  urine.  It  is  voided  along  with  the  faeces,  and  is 
That  dull  white  matter  which  we  observe  always  forming 
cpart  of  them.  It  is  very  little  fluid,  which  M.  de  Blainville 
•attributes  to  its  not  having  been  in  a bladder ; and  he  mentions 
-this  fact  as  a proof  of  his  theory,  that  the  urine  is  indebted  to 
:the  bladder  for  its  watery  parts.  It  is  composed  in  great  part 
aof  uric  acid,  and  hardens  quickly  on  exposure  to  air.  In  ser- 
pents and  lizards,  the  urine  is  still  more  solid,  and  hardens 
ulmost  into  a stony  mass.  The  cuttle  fish  has  a pouch  opening 
near  the  vent,  which,  from  its  situation,  is  by  some  considered 
ns  a urinary  bladder.  It  contains  a quantity  of  deep  black  fluid, 
said  to  be  the  colouring  principle  of  Indian  ink ; and  this  it  dis- 
charges, when  pursued,  so  as  to  darken  the  water  around  it,  and 
hus  favour  its  escape.  This  use  of  it,  as  a means  of  defence, 
certainly  bears  an  analogy  to  what  we  mentioned  above  respect- 
ing the  fox  and  the  pole-cat.  If  this  reasoning  be  admitted,  we 
must  consider  as  urine  the  beautiful  purple  liquor  afforded 
fty  the  mure x,  and  used  amongst  the  Romans  to  dye  their 
richest  robes.  This  liquor  is,  when  in  the  animal,  of  a 
r.ellowish-white  colour,  and  only  obtains  its  regal  tint  when  ex- 
posed to  the  action  of  light. 

It  is  scarcely  necessary  to  describe  the  shape  or  colour  of  the 
Kidneys.  Every  one  has  seen  a sheep’s  kidney,  and  the  human 
kidney  much  resembles  it,  except  that  it  is  longer,  and,  perhaps, 
latter.  These  are  what  are  called  symmetrical  organs,  that  is, 
•here  are  two  of  them  similarly  situated,  one  on  each  side.  The 
Ither  organs  of  which  we  have  spoken  are  not  symmetrical. 
Ulus  the  liver  is  placed  all  to  one  side  of  the  body,  the  spleen  to 
•he  other,  and  so  on.  The  kidneys,  kk,  are  placed  in  the  loins, 
*ne  on  either  side  of  the  back-bone,  vv,  towards  which  their 
■otched  side  is  turned.  Into  this  the  blood  is  conveyed  by  kk. 
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the  renal*  arteries,  and  it  is  from  this  blood  that  the  materials 
for  the  urine  are  derived.  The  blood  that  remains  is  returned 
by  means  of  the  veins,  while  the  urine  passes  along  two  canals,  * 
du,  called  ureters,  into  the  bladder  x, 


Kidneys,  Ureters,  and  Bladder. 


The  kidneys  are  generally  enveloped  by  a quantity  of  loos< 
cellular  membrane,  in  which  abundant  depositions  of  fat  take 
place.  Their  internal  arrangement  is  curious.  If  we  make  J 
horizontal  section  of  one,  we  shall  observe  that  it  seems  com' 
posed  of  a number  of  lobes  joined  together  within  a general  en- 
velope. Each  of  these  lobes  is  composed,  externally,  of  what 
termed  the  cortical  part.  The  arteries  all  direct  themselves 
towards  this,  and  when  arrived  at  it,  subdivide  until  theii 
branches  become  extremely  minute.  In  these  minute  tranche: 
the  urine  is  secreted ; and  inside  this  cortical  part  we  perceiv< 
what  is  termed  the  tubular  part,  composed  of  a number  o 


Prom  the  Latin  ren,  a kidney. 
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linute  ducts  conveying  towards  a central  point  tlie  liquid  which 
ias  thus  been  secreted.  The  ducts  gradually  unite,  and  ter- 
ate  in  a little  process  like  a nipple.  The  number  of  these  in 


jl  Tbe  artery  of  the  kidney, 
c The  cortical  part  in  which  the  urine  is 
secreted. 

T The  tubular  part,  through  which  it  is 
conveyed  into 

p The  pelvis,  whence  it  descends  through 
u,  the  ureter,  into  the  bladder. 


Section  of  Lobe  of  a Kidney. 

.ich  kidney  varies  from  twelve  to  eighteen.  They  discharge  the 
ae  through  little  funnel-shaped  ducts,  termed  calyces  or  in- 
ndibula,  into  a membranous  bag,  called  pelvis,  situated  iu  the 
itch  of  the  kidney,  and  with  which  the  ureter,  or  canal  to  the 
adder,  is  directly  continuous.  Concretions  sometimes  are 
und  in  this  pelvis,  forming  the  disease  called  stone  in  the 
■/lney : or  becoming  detached,  and  attempting  to  pass  down  the 
eter,  they  will  stick  on  the  way,  giving  rise  to  most  distressing 
unptoms.  In  such  cases,  recourse  is  generally  had  to  narcotics 
" allaying  the  pain,  and  to  warm  baths,  fomentations,  and  such 
er  means  as  may  induce  the  parts  to  relax  and  so  suffer  the 
jne  to  pass.  The  ureters  terminate  in  the  bladder,  towards 
neck ; the  urine  is  constantly  passing  down  in  drops  as  it  is 
■reted,  and  its  return  into  the  lower  part  of  the  ureters  is 
■vented  by  their  opening  obliquely  through  the  coats  of  the 
adder,  which  thus  act  as  a valve.  These  coats  are  very  similar 
ithe  coats  of  the  stomach,  but  the  external  or  serous  coat  only 
• ers  the  upper  and  back  part  of  the  bladder.  This  is  of  the 
■atest  moment  to  the  surgeon,  as  it  enables  him  to  perform 
^rations  on  this  organ,  with  much  less  danger  than  if  he  had 
« cut  into  a serous  sac.  The  muscular  coat  of  the  bladder  is 
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composed  of  a number  of  strong  fibres,  the  general  direction  < 
which  is  longitudinal.  Some,  however,  are  circular,  and  ,-ur-| 
round  the  neck  of  the  bladder  forming  a kind  of  sphii 
muscle,  by  means  of  which  we  are  enabled  to  call  volition 
play  to  prevent  the  escape  of  the  urine.  Besides  these,  we  ; 
find  a quantity  of  elastic  tissue  surrounding  the  outlet  from ; 
bladder  and  serving  to  keep  that  orifice  closed,  without  fatig 
on  our  part,  till  a sufficient  accumulation  of  urine  has  i 
within.  The  muscular  fibres  are  excited  by  the  full  state  of  i 
bladder.  They  contract,  and  its  contents  are  discharged  through 
the  urethra.  This  passage  differs  in  length  in  the  differ 
sexes.  Its  lining  membrane,  continued  on,  becomes  the  thir 
or  internal  coat  of  the  bladder. 

Having  now  traced  both  the  solid  and  liquid  excrements  tj 
their  final  expulsion  from  the  body,  let  us  return  to  see  what  1 
comes  of  the  nutritive  part  of  the  food. 


Chaptee  YI. 

OF  ABSORPTION. 


AT OT  only  is  there  a constant  addition  of  new  particles  to  4 
JL  h system,  supplied  by  the  food,  and  conveyed  by  certain  dui 
but  there  is,  corresponding  to  this,  a constant  removal  of 
particles,  which,  having  done  their  duty,  require  to  be  tak 
away,  and  their  place  occupied  by  others.  But  these  offices 
performed  by  a system  of  vessels,  which  we  have  now  to  corl 
sider,  termed  Absorbents  ; and  they  are  distinguished  in 
lacteals  and  lymphatics,  according  as  they  are  generally 
ployed  in  the  former  or  the  latter  function. 

It  will  be  remembered  we  left  the  food  just  when  it  had 
divided  into  its  nutritive  and  excrementitious  portions, 
tracing  the  course  of  the  latter,  had  reserved  the  former  fi 
future  consideration.  To  this  we  must  now  direct  our  attentioi 
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Asellius,  in  1622,  being  engaged  in  dissecting  a dog,  which 
had  opened  soon  after  it  had  fed,  observed  a series  of  vessels, 
lich  were  neither  arteries  nor  veins,  but  filled  with  a white 
ilky  fluid,  running  along  the  fine  transparent  membrane, 
lied  mesentery,  which,  as  we  have  said,  binds  the  intestines  to 
e back-bone.  Delighted  with  his  discovery,  he  denominated 
ese  newly-found  vessels  lacteals  (lac,  milk),  and,  in  order  to 
ice  them  connexions  and  uses,  he  opened  another  dog  the  next 
y,  but,  to  his  great  disappointment,  could  not  observe  the 
lallest  white  vessel.  He  began  to  consider  what  could  be  the 
se  of  this,  and  then  remembered  that  the  last  dog  had  been 
ned  after  a whole  night’s  fasting,  while  the  first  had  previ- 
ly  had  a good  meal.  He  therefore  fed  a third  dog  abun- 
utly,  and  having  opened  him,  found  * everything  more  mani- 
, and  brilliant  than  in  the  first  case.’  The  vessels  therefore 
re  themselves  transparent ; they  owed  their  whiteness  to  the 
yle  contained  in  them,  and  presented  at  once  the  course  by 
ich  this  was  conveyed  from  the  stomach  towards  the  circula- 
i.  As  this  was  a matter  very  much  disputed  at  the  time, 
dlius  gave  his  whole  attention  to  the  subject;  he  made 
erous  dissections  of  living  animals,  in  all  of  which  he  was 
clearly  to  point  out  his  new  vessels.  The  origin  from  the  in- 
ines  was  undoubted,  from  their  containing  the  chyle ; but  he 
not  succeed  in  making  out  their  termination.  This  he  sup- 
id  to  be  at  the  liver,  which  was  then  looked  on  as  the  organ 
which  the  formation  of  blood  out  of  chyle  was  perfected. 

In  1649,  however,  Pecquet,  a French  physician,  being  en- 
ed  in  cutting  out  the  heart  of  a dog,  noticed  a quantity  of 
tte  creamy  fluid,  pouring  out  from  one  of  the  large  veins 
ch  he  had  severed  just  where  it  joined  the  heart.  Struck  with 
oddity  of  seeing  a white  fluid  in  the  blood,  he  thought  at 
that  he  must  have  opened  into  some  abscess,  and  that  this 
pus  which  it  contained.  But,  after  some  examination, 
ag  to  find  one,  he  commenced  pressing  the  parts  about,  to 
whence  it  might  come ; and  on  pressing  the  mesentery,  the 
'■eals  of  which  happened  to  be  lull  of  chyle,  a large  quantity 

L 


146 


ABSORPTION. 


of  it  was  at  once  discharged  from  the  vein.  This  set  him  o 
looking  for  the  mode  of  communication,  and  he  soon  found 
the  lacteals,  in  place  of  running  to  the  liver,  discharged  t 
selves  into  a slender  duct,  which  he  named  thoracic*  and  whie 
ascending  close  to  the  hack-hone,  conveyed  their  contents  in 
the  left  subclavian  vein,  just  before  it  opened  into  the  heari 
Observations  on  this  class  of  vessels  became  rapidly  multip 
They  were  found  arising  in  greatest  number  from  the  s: 
intestines,  and  at  last  they  were  traced  to  the  villi,  in  the  sul 
stance  of  which  they  commence  in  the  form  of  loops,  coming  ve; 
near  the  surface,  but  presenting  no  openings,  the  chyle  p 
into  them  probably  through  the  intervention  of  cell  or  nui 
bodies  found  in  their  immediate  neighbourhood.  Their  e: 
minuteness,  also,  qualifying  them  to  act  as  capillaries, 
favour  the  ascent  of  the  liquid.  Before  joining  the  thoracic  di 
they  pass  through  a number  of  ganglia,  or  firm  reddish  mass* 
placed  generally  at  the  union  of  a great  number  of  vessels, 
these  glands  it  is  supposed  some  further  change  takes  place, 
which  the  chyle  is  more  animalized  and  more  fitted  for  becomi 
part  of  the  blood.  The  number  of  these  glands  in  the  mesente 
is  about  a hundred.  We  represent  some,  and  the  course  of  t 
lacteals  through  them. 

The  little  vessels  are  furnished  with  valves,  formed  by  foil 
of  their  internal  membrane,  and  arranged  in  pairs,  with 
convex  side  turned  towards  the  intestines,  so  that  any  fluid  c 
pass  upwards  to  the  thoracic  duct,  but  nothing  can  return, 
the  valves  would  prevent  it.  These  valves  are  another 
by  which  the  chyle  is  caused  to  advance  towards  the  hi 
for,  if  we  suppose  the  lacteals,  loaded  with  chyle,  to  he  press! 
as  they  would  he,  by  the  action  of  any  of  the  neigh 
muscles,  it  is  clear  their  contents  cannot  remain  stationary; 
this  would  be  contrary  to  the  laws  of  fluids  under  p; 
peither  can  they  go  backwards,  the  valves  preventing 


* Because  the  principal  part  of  it  is  found  in  the  back  of  the  thorax,  or  cb' 
close  on  the  back-bone. 
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serefore  they  must  go  forwards,  that  is,  towards  the  thoracic 
net.  This  duct  itself  opens  into  the  vein  by  a valve,  which, 
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while  it  permits  the  discharge  of  the  chyle,  prevents  any  blooJ 
entering ; and  it  is  this  structure  that  so  long  kept  us  in  ignofi 
ranee  of  this  set  of  vessels,  as,  without  it,  the  injections  whiel 
were  constantly  thrown  into  the  arteries  and  veins  by  old  anai 
toraists  would  readily  have  entered  and  filled  these  also. 

In  the  engraving,  the  heart  and  lungs,  diaphragm,  liven: 
spleen,  stomach,  &c.,  are  all  supposed  to  be  removed.  Nothin! 
remains  hut  a fold  of  intestine,  c c,  attached  to  the  hack-boni 
by  the  mesentery,  M,  the  white  lines  on  which  represent  lacteam 
arising  from  the  intestine,  and  after  passing  through  some  ( 
the  glands,  g g g,  directing  themselves  towards  the  back! 
hone,  where,  by  their-  union,  they  form  a a,  the  thoraci 
duct. 


This  may  he  traced  up  along  the  hack-bone  until  arrived  : I 
the  top  of  the  chest,  where  it  bends  down  and  discharges  i ! 
contents  into  Y,  the  subclavian  vein,  just  where  this  lath  I 
unites  with  x,  the  jugular,  to  form  8,  the  left  vena  innominatll: 
wliich  we  know  passes  by  means  of  the  superior  cava  into  till: 
heart.  Numerous  lymphatics,  l b,  may  he  observed  runnirl 
from  each  side  to  join  the  thoracic  duct  in  its  ascent.  The  dan 
shades  behind  them  indicate  the  ribs. 

If  we  now  understand  the  nature  of  the  lacteals,  we  ski 
have  little  difficulty  in  extending  our  views,  and  comprekendii 
that  vessels  exactly  similar  in  nature  and  structure  are  to  1 
found  in  all  parts  of  the  body,  hut  as  there  is  no  chyle  for  the 
to  carry,  they  are  loaded  with  a clear,  transparent  water-  lfuiM 
which  has  gained  them  the  name  of  lymphatics  ( lymph  i 
water).  This  transparency,  both  of  themselves  and  their  co  I 
tents,  caused  the  discovery  of  them  to  he  delayed  for  some  yea  i 
after  the  lacteals  were  known.  Rudbeck  seems  entitled  to  t l 
honour,  though  JolliJFe  and  Bartholin  have  their  several  su  l 
porters.  Since  their  time,  some  of  our  countrymen  have  be4 
amongst  the  most  distinguished  investigators  of  the  absorber 
system.  We  may  mention  Dr.  William  Hunter,  Monro  Sccul 
dus,  Cruikshank,  and  Ilewson. 

The  lymphatics  have  their  origin  by  closed  loops  or  pointk 
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•ocesses  in  the  various  textures  of  the  body.  They  are  gene- 
lly  arranged  in  two  principal  series,  the  one  just  beneath  the 
:in,  the  other  deep  among  the  organs  of  the  body.  They 
most  all  tend  towards  the  thoracic  duct,  where  their  fluid  is 
ixed  with  the  chyle,  and  conveyed  along  with  it  into  the  sub- 
viau  vein.  Mr.  Bracy  Clarke,  however,  has  noticed  the 
lportant  fact,  that  some  of  them  discharge  themselves  into 
e veins  nearest  them  without  passing  by  this  longer  route. 

; the  lacteals  passed  through  glands,  so  also  do  the  lymphatics, 
d some  of  these  can  frequently  be  seen  forming  a knotty 
in  along  the  necks  of  children  affected  with  scrofulous 
eases.  As  they  advance,  the  lymphatics  unite  to  form  larger 
nks,  but  not  with  the  same  regularity  as  the  veins,  for  some- 
-ies  after  uniting  we  see  them  again  divide.  Finally,  liow- 
4 they  are  reduced  to  three  or  four  great  trunks,  which  run 
rthe  thoracic  duct.  This  duct  is  a vessel  of  considerable  size, 
U arises  from  the  junction  of  the  lymphatic  trunks  of  the  lower 
remities  with  those  of  the  abdomen.  At  the  place  of  junction 
re  is  generally  observed  a dilatation  like  the  bulb  of  a 
rmometer-tube,  and  this  has  got  the  name  of  receptaculum 
li.  This  is  more  distinct  in  the  dog  and  the  turtle  than  in 
.n.  The  duct  is  sometimes  double,  or  divided  into  many 
ches,  to  which  attention  should  be  paid  in  making  experi- 
lts,  as  persons  tying  one  branch  have  occasionally  proceeded 
rgue  as  if,  by  that,  they  had  totally  prevented  the  chyle  from 
ering  the  blood. 

Ht  was  the  opinion  of  the  old  anatomists,  that  absorption 
k place  by  the  veins,  but  the  discovery  of  this  system  of 
els  operated  a material  change.  The  lacteals  evidently 
- up  the  chyle  from  the  intestines;  from  analogy  it  was 
•luded  then  that  the  lymphatics  took  up  their  contents 
ii  the  several  surfaces  on  which  they  opened.  Thus  mer- 
rubbed  on  the  skin  will  produce  salivation ; other  medi- 
11  substances,  narcotic  or  purgative,  may  be  made  to  produce 
appropriate  effects  in  the  same  way.  Through  what 
inel  could  they  reach  the  system,  if  not  through  the 
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lymphatics  ? In  consequence,  the  name  of  absorbents  was  gwei 
to  these  vessels  as  indicative  of  their  action.  The  old  doetrin 
however,  was  not  altogether  resigned,  and  many  believed,  tb 
though  the  lymphatics  did  absorb,  yet  they  were  verv  muc 
assisted  in  their  function  by  the  veins.  And  this  is  nearly  tl 
opinion  held  at  the  present  day.  For  a time  the  veins  we: 
completely  excluded  from  all  co-operation.  John  Huntl 
filled  portions  of  the  small  intestines  with  milk,  which  he  co  l 
fined  so  as  to  produce  a degree  of  distension  of  the  part ; t| 
milk  was  quickly  observed  to  distend  the  laeteals,  but  no  traf 
of  it  could  be  found  in  the  veins.  Similar  experiments  wef 
made  on  other  parts.  He  poured  a solution  coloured  wi 
indigo  into  the  peritoneum,  and  saw  the  lymphatics  fill  thi 
selves  with  it : so  that  the  question  was  considered  as  fi 
set  at  rest.  But  M.  Magendie  has  rendered  the  old  opini 
again  probable,  and  shown  it  to  be  likely  that  the  veins  I 
absorb.  In  an  experiment  made  along  with  M.  Delille,  I 
divided  all  the  parts  of  a dog’s  leg  except  the  artery  ttj 
carried  the  blood  to  it,  and  the  vein  by  which  it  was  returnd 
He  then  inserted  into  the  paw  a quantity  of  upas  poison : 
four  minutes  its  effects  were  visible  on  the  animal,  and  in  t 
minutes  it  proved  fatal.  In  this  case  it  was  supposed  that 
communication  could  exist  between  the  paw  and  the  body 
the  animal,  except  through  the  vein ; and  therefore,  that  hi 
the  vein  must  be  admitted  to  have  been  the  absorbing  org; 
But  as  it  was  suggested  to  him  that  lymphatics  genera 
accompanied  the  course  of  veins,  and  that  it  might  be  s: 
some  small  ones  had  crept  up  along  the  coats  of  the  vess 
which  he  left  undivided,  he  determined  to  make  his  ex] 
riment  totally  unexceptionable.  With  this  view  he  made  f| 
preliminary  steps  as  before,  and  having  introduced  two  si 
tubes  into  the  vessels,  he  completely  divided  them,  so  that  <] 
only  connexion  now  remaining  was  the  current  of  blood  pa 
through  those  tubes.  The  poison,  however,  produced 
same  effect  as  before.  This  seems  decisive,  yet  there  are  s| 
sources  of  error.  If  he  inserted  the  poison,  as  would  app 
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possible  from  his  account,  into  a wound  made  in  the  paw,  it  is 
dear  that  he  might  then  have  been  introducing  it  into  the 
.lood  through  the  open  extremity  of  a vessel,  hut  this  would 
lot  be  the  vein,  in  its  natural  condition,  absorbing.  It  is  also 
ssible  that  some  lymphatics  might  have  existed  in  the  paw, 
rhich,  in  place  of  running  towards  any  trunk  leading  to  the 
noracic  duct,  discharged  themselves  into  the  nearest  vein,  and 
aat  thus  the  vein  merely  conveyed  the  blood,  while  the  lym- 
latic  absorbed  it.  Mr.  Abernethy  traced  lymphatics  to  veins, 
diose  who  feel  interested  in  pm-suing  this  argument  further, 
ill  d good  accounts  of  the  experiments  made  on  each  side, 
th  remarks  on  the  sources  of  inaccuracy  to  which  they  were 
tble,  in  Bostock’s  Physiology,  or  Elliotson’s  edition  of 
umenbach’s  Physiology,  a work  likely  to  interest  and  instruct 
e medical  student. 

In  point  of  fact,  absorption  takes  place  by  both  kinds  of 
•ssels ; certain  substances  which  have  the  power  of  mixing  with 
blood  being  more  readily  absorbed  by  the  veins,  whilst 
ner  substances  are  more  readily  taken  up  by  the  lacteals  and 
'■sorbents.  As  the  lacteals  continually  carry  into  the  circula- 
new  particles,  which,  being  deposited  in  different  parts, 
we  for  the  nourishment  of  the  organs ; so  the  lymphatics  con- 
intly  take  up  from  all  parts  of  the  body  those  particles,  which, 
ring  performed  their  duty,  are  now  superfluous,  and  convey 
an  also  to  the  circulating  current,  where,  by  a new  process, 
7 are  fitted  to  undergo  new  combinations,  or  else  are  expelled 
m the  system  by  means  of  the  secretory  organs.  That  this 
unge  is  really  going  forward  we  have  the  clearest  proof  from 
i Hamel’s  experiments  on  bone.  He  fed  a pig  with  madder 
a few  days,  and  found  its  bones  deeply  tinged  of  a pink 
our.  Confining  it  then  to  a different  food,  the  pink  colour 
mt  off.  On  examination  it  was  found  that  the  pink  colour 
j uered  to  the  earthy  part  of  the  bone,  and  consequently  that 
is,  the  hardest  material  in  the  body,  was  deposited  and  ab- 
fbed  within  a very  short  time.  How  the  deposition  is  made 
nn  the  minute  branches  of  arteries,  the  absorption  by  the 
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lymphatics.  The  two  processes  are  going  on  together,  and  irj 
due  proportion  to  each  other.  Should  either  preponderate! 
disease  is  the  result.  Thus,  should  the  fluid  that  constantly 
moistens  the  serous  sacs  be  exhaled  faster  than  absorbed,  a col  l 
lection  of  it  takes  place,  constituting  dropsy.  On  the  othe:j 
hand,  should  the  absorbents  of  any  particular  part  of  the  bodd 
take  away  faster  than  the  arteries  laid  down,  the  part  wastes! 
and  a state  of  atrophy  ensues.  Advantage  of  this  is  ta 
in  treating  certain  tumours,  from  which  a firm  and  equal!  j 
pressure  cuts  off  or  diminishes  the  supply  of  arterial  bloo4 
necessary  to  their  growth,  while  the  absorbents  continue  ti 
remove.  The  tumours  are  thus  rapidly  diminished,  and  dis 
appear.  This  end  is  accelerated  by  the  use  of  bleeding,  low  diei 
and  other  means  calculated  to  diminish  the  power  with  whic' 
the  blood  is  sent  towards  the  diseased  part.  Absorption  is  als ! 
of  so  much  use  in  determining  the  figure  of  the  body,  that  Joh  i 
Hunter  used  to  call  it  ‘ the  modelling  process.’  When  a bone 
broken,  and  the  edges  placed  together,  they  are  found,  after  | 
time,  united  by  a hard  irregular  bony  mass,  forming  a protul 
ranee,  like  a wen,  around  the  regular  bone.  The  more  dis 
the  period  at  which  we  examine  it,  the  less  we  find  this  pi 
tuberance,  until  at  last  it  is  completely  removed,  and  the  who 
bone  restored  to  its  original  shape. 

How  far  matters  can  be  absorbed  from  the  skin  has  give 
rise  to  some  controversy.  We  before  mentioned  that  certa  | 
medicinal  substances  proved  efficacious  when  applied  to  it,  bi 
as,  in  these  cases,  friction  is  always  used,  it  is  doubtful  ho ' 
far  this  might  have  tended  to  lay  bare  the  extremities  of  ti 
vessels,  and  even  have  forced  some  of  the  matters  into  thei 
It  was  asserted  that  the  simple  immersion  of  the  body  in  wab 
gave  an  addition  of  weight,  in  consequence  of  some  of  the  flu 
being  aboorbed.  This  was  denied  by  Seguin,  who  maintain* 
that  while  the  skin  remained  entire  no  absorption  could  tal 
place  from  the  surface ; and  be  ingeniously  attempted  provii 
his  opinion  by  immersing  the  body  in  baths  holding  in  solutii 
certain  salts,  which  if  taken  into  the  system,  would  manife 
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hemselves  by  their  peculiar  effects.  Bor  instance,  lie  usedsolu- 
ions  of  corrosive  sublimate,  which,  if  absorbed,  would  produce 
alivation.  This  he  never  found  to  occur, 

Dr.  Currie  accurately  weighed  a person  before  and  after 
mmersion  in  a warm  bath,  without  detecting  any  difference  ; he 
herefore  concluded  there  had  been  no  absorption.  Dr.  Bardsley 
cade  the  same  experiment,  with  the  same  result,  but  drew  a 
lirectly  opposite  conclusion ; for,  said  he,  as  under  such  circum- 
tanees  the  exhalation  from  the  lungs  must  be  much  increased, 
he  absorption  from  the  surface  must  evidently  be  great  to 
<ounterbalance  it,  else  there  would  be  a loss  of  weight.  Dr. 
Edwards  has  embraced  the  same  side,  and,  by  the  accuracy  of  his 
jxperiments,  seems  to  have  decided  the  question.  He  experi- 
ented  on  a lizard,  previously  reduced  by  exposure  to  air,  which 
iad  caused  a great  loss  of  its  fluids  by  transpiration.  He  then 
laced  it  in  water,  so  as  to  immerse  only  the  tail,  hind  legs,  and 
under  part  of  the  body.  It  was  afterwards  weighed  at  distant 
tervals,  and  found  gradually  to  have  increased  in  weight,  until 
. had  regained  its  original  size  and  plumpness.  This  absorption 
'as  not  mere  imbibition,  limited  to  the  surface ; the  water  pene- 
ated  deeper,  and  was  distributed  through  the  system.* 


* It  may  serve  to  illustrate  ‘ absorption,’  if  we  here  introduce  a short  notice 
’ a process  to  which  the  terms  endosmose  and  exosmose  have  been  assigned  by 
utrochet,  who  first  called  attention  to  it.  By  these  terms  is  meant  the  power 
which  two  different  liquids  or  gases,  separated  from  one  another  by  an  animal 
embrane,  say  a piece  of  thin  bladder,  will  pass  through  that  membrane  and 
-come  mired.  If,  for  example,  we  take  a closed  bloodvessel  full  of  blood,  and 
spend  it  in  water,  after  a time  we  find  that  some  blood  has  passed  out,  through  the 
alls  of  the  vessel,  so  as  to  discolour  the  water,  whilst  a greater  quantity  of  water  has 
ed  in,  diluting  the  blood.  To  the  passage  of  the  water  in,  the  name  endosmose 
3v*<e<rjaov,  impulse)  is  given  ; to  the  passage  out,  exosmose.  This  property  is 
at  confined  to  liquids,  the  same  thing  happens  with  gases.  If  we  suspend  venous 
>od  in  a moist  bladder  in  the  air,  the  surface  of  the  blood  becomes  reddened  by 
;ygen,  which  has  first  been  dissolved  in  the  fluid  moistening  the  bladder,  and 
■ n carried  in,  to  come  into  contact  with  the  blood.  At  the  same  time  watery 
your  and  carbonic  acid  gas  have  passed  out  through  the  membrane,  to  be 
naled  into  the  air. 

The  two  currents,  inwards  and  outwards,  are  not  usually  equally  rapid ; for 
find  that  different  substances  pass  with  different  degrees  of  rapidity.  Asa 
*neral  ride,  the  less  dense  the  fluid  or  gas,  the  more  readily  will  it  traverse  the 
•mbrane.  For  the  process  to  go  on,  it  is  necessary  that  a capillary  attraction 
add  fie  exercised  by  the  minute  pores  of  the  animal  tissue,  and  also  that  the 
0 fluids  should  lie  capable  of  mixing  with  each  other ; if  we  take  oil  and  water, 
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There  are  one  or  two  other  facts  which  tend  the  same  way. 
In  diabetes,  the  weight  of  urine  passed  in  twenty-four  hours 
sometimes  exceeds  the  weight  of  food  and  drink  taken,  by  more 
than  the  loss  of  weight  in  the  body  during  the  same  time.l 
Whence,  then,  can  the  surplus  be  derived,  but  from  absorption  ? f 
The  practical  application  of  the  doctrine  is  often  witnessed  at i 
Newmarket,  where  a jockey  who  is  anxious  to  keep  himselfll 
below  a certain  weight,  to  which  he  very  nearly  approaehes,l| 
will,  on  the  morning  of  the  race,  much  more  readily  eat  a hearty  I 
meal  than  venture  on  a glass  of  spirits,  the  stimulus  given  by  I 
which  to  the  action  of  his  absorbents  would,  he  well  knows,  I 
particularly  if  the  air  be  damp,  soon  put  him  beyond  his  appointed  1 
hounds. 

We  have  now  traced  the  food  through  its  various  stages.  We  1 
have  seen  it  chewed  and  mixed  with  saliva  in  the  mouth ; swal-ll 
lowed  by  the  muscular  action  of  the  pharynx  and  gullet ; mixed* 
with  a solvent  juice  in  the  stomach,  and  gently  acted  on  by  its! 
vermicular  motion,  until  converted  into  a pulpy  grayish  matter,* 
termed  chyme;  passed  from  that  into  the  duodenum,  where,  by! 
the  action  of  the  bile  and  pancreatic  juice,  it  was  separated  into! 
chyle  and  excrement ; we  observed  the  latter  as,  urged  on  by  the! 
peristaltic  motion  of  the  small  intestines,  it  proceeded,  gradually  k 
losing  its  fluid  particles,  and  becoming  more  consistent  as  itu 
approached  the  rectum,  from  which  it  was  discharged;  returning, 
then',  we  saw  the  chyle  taken  up  by  the  numerous  loops  of  the 
lacteals,  placed  at  the  summits  of  the  villi  of  the  small  intes- 
tines ; from  these  it  passed  into  the  mesenteric  glands,  the  office 
of  which  is  supposed  to  be  to  form  or  elaborate  certain  bodies 
termed  chyle  corpuscles,  found  in  the  chyle  after  it  has  traversed 
these  bodies,  and  which  are  probably  rudimentary  blood  globules; 
afterwards  into  the  thoracic  duct,  by  which,  finally,  it  was  con- 
veyed into  the  current  of  the  blood. 


nn  endosvnose  would  occur,  because  these  fluids  will  not  mix  with  one  another 
This  property  i*  one  of  great  importance  ns  well  as  great  interest,  showing  u‘ 
how  we  may  have,  in  the  different  processes  of  life,  various  things  passing  in  or 
out  of  the  bloodvessels,  without  the  necessity  of  any  palpable  openings  existing. 
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Our  next  inquiry,  therefore,  must  be  into  the  nature  of  the 
lood,  the  means  by  which  it  is  supplied  to  all  parts  of  the  bod}-, 
md  the  uses  to  which  it  is  applied. 


Chaptee  YII. 
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E we  take  a frog  alive,  and  place  his  foot  under  a good  magnifier, 
taking  care  to  spread  out  the  toes,  so  that  the  light  may  traverse 
le  fine  web  between  them,  we  shall  distinguish  the  blood  flowing 
i rough  the  vessels  by  which  the  part  is  supplied.  After  the  eye 
v a little  accustomed  to  this  novel  and  pleasing  spectacle,  in 
hich  we  detect  Nature,  as  it  were,  engaged  in  her  secret  works, 
e begin  to  observe  that  matters  of  different  kinds  seem  to  pass 
rough  the  vessels.  Towards  their  sides  is  a thin  watery 
rrent,  generally  limpid  and  colourless,  while  in  their  centre, 
jparently  borne  forward  by  this  current,  is  a column,  more  or 
ss  dense,  and  formed  of  jelly -like  globules,  irregularly  collected 
gether.  Should  any  impediment  to  their  onward  passage  occur, 
ey  become  collected  in  numbers  at  the  place  of  the  obstacle, 
ie  vessel  is  distended,  tbis  distension  causes  pain,  their  numbers 
oduce  increased  redness,  the  effort  to  get  them  forward  calls 
h increased  action  of  the  arteries,  giving  a feel  of  throbbing, 
ore  blood  is  sent  to  the  place,  more  heat  given  out,  and  the 
aole  part  swells.  Such  a condition  of  the  part  is  called  inflam- 
tion.  From  tbis  inspection  we  have  learned  that  the  blood 
sists  of  two  very  different  parts,  the  watery  fluid  to  which 
name  of  TJrjuor  Sanguinis,  or  blood  liquor,  has  been  given ; 
d the  globules,  or  little  round  balls  of  jelly-like  matter  that 
im  in  it.  As  long  as  the  blood  continues  in  circulation,  these 
•o  parts  continue  mixed,  so  perfectly,  as  to  present  the  appear- 
:oe  of  a simple  fluid,  generally  red,  but  varying  in  its  shade  in 
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different  animals,  and  also  in  different  parts  of  the  same  animaL 
When  blood  is  withdrawn  from  the  circulation  and  allowed  to 
stand,  it  speedily  separates  into  two  portions,  a fluid  part,  called 
serum,  and  a solid  portion,  termed  crassamentum,  or  clot.  The 
clot,  which  contains  all  the  red  colour,  is  composed  of  a substance 
named  fibrin,  which  was  dissolved  in  the  liquor  sanguinis,  bat 
which  has  now  solidified,  and  in  so  doing,  entangled  all  the  | 
globules  in  its  meshes. 

The  clot  floats  in  the  serum,  so  that  we  can  take  it  out ; and  ] 
by  letting  it  drain,  have  it  almost  quite  distinct  and  separate. 
In  this  state  it  appears  a red  spongy  mass,  the  colour  and  con- 
sistency being  generally  best  marked  towards  the  bottom.  If 
we  now  expose  it  to  a stream  of  water,  we  shall  soon  see 
the  colour  washed  away,  and  nothing  left  but  a white  jelly-like 
mass,  to  which  the  name  of  fibrin  is  given.  We  may  sepa- 
rate them  in  another  way,  which  Ruysch  first  taught  us.  He 
used  to  stir,  with  a small  bundle  of  twigs,  the  blood  while 
congealing:  the  pure  and  colourless  fibrin  collected  on  the 
twigs,  while  the  colouring  matter  remained  behind,  mixed  up 
with  the  serum. 

In  some  forms  of  disease,  the  blood  globules  sink  to  the 
bottom  of  the  clot,  leaving  the  upper  part  formed  only  of  the 
fibrin,  we  then  find  the  top  of  the  clot  of  a whitish  or  buff  colour, 
that  being  the  natural  colour  of  the  fibrin ; to  this  appearance, 
the  name  of  buffy -blood  is  given.  The  clot  continues  to  shrink 
for  many  hours  after  it  has  been  formed,  owing  to  the  continued 
contraction  of  the  fibrin ; it  is  evident  that  the  less  the  fibrin  is 
mixed  with  the  globules  the  more  decidedly  would  this  contrac- 
tion show  itself,  consequently,  we  generally  find  that  the  upper 
part  of  a buffy  clot  is  more  shrunk  than  the  lower  part,  in  which 
the  globules  are  principally  collected,  and  it  assumes  a concave 
form;  the  clot  is  then  said  to  be  cupped,  as  well  as  buffed.  It 
is  usual,  after  bleeding  a person,  to  examine  the  clot  when 
it  has  stood  for  some  hours,  to  see  whether  or  no  it  has  put  on 
these  appearances,  as  a guide  for  the  future  treatment.  y 
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If  we  examine  the  blood  very  carefully  by  the  microscope, 
e find  two  kinds  of  blood  globules  existing.  Some  are  colour- 
ss  and  spherical,  resembling,  in  appearance,  the  globules  we 
und  in  the  lymph  and  chyle  ; these,  however,  are  comparatively 
w in  number,  in  healthy  blood  existing  only  in  the  proportion 
’ one  to  fifty  of  the  other  variety.  The  second  kind  of  globules 
e the  coloured:  these,  in  man,  are  round  but  flattened,  or 
en  slightly  concave  on  each  surface,  presenting  the  appearance 
’ a coin ; they  are  of  a reddish  colour,  consisting  of  a substance 
Tmed  globulin,  impregnated  with  a colouring  matter,  to  which 
e name  of  hcematin  has  been  given.  These  coloured  globules, 
the  human  being,  are  about  the  3,000th  of  an  inch  in 
eter,  and  about  the  10,000th  in  thickness. 

Such,  then,  is  the  nature  of  these  important  bodies  in  man. 
ley  were  first  discovered  by  Malpighi,  and  by  Leuwenhoeck,  in 
73,  and  the  latter  formed  a curious  hypothesis  respecting 
He  thought  that  each  red  corpuscle  might  be  resolved 
to  six  smaller  serous  corpuscles,  and  each  serous  again  into  six 
11  smaller  bodies,  which  he  called  lymphatic.  On  this  was 
aded  a theory,  at  one  time  in  great  vogue,  of  the  error  loci, 
explain  congestion  and  inflammation;  the  larger  corpuscles 
re  thought  at  times  to  stray  into  the  fine  vessels  adapted 
y for  the  smaller  ones,  and,  of  course,  to  block  up  the 
causing  great  trouble  and  confusion  until  the  source  of 
“ obstruction  was  removed.  We  need  scarcely  say,  that 
theory,  and  the  grounds  on  which  it  was  framed,  were  alike 
□neous. 

The  form  and  the  size  of  the  globules  differ  in  different  ani- 
Ds,  though  essentially  the  same  in  individuals  of  the  same 
'es.  In  the  mammalia  generally,  except  the  camel  tribe,  they 
shaped  as  in  man.  In  birds,  reptiles,  and  most  fishes,  on  the 
krary,  they  are  oval,  and  present  a central  elevation.  The 
varies  greatly  likewise,  from  the  12,000th  of  an  inch  in  the 
k-deer,  to  the  400th  in  the  proteus.  The  importance  of 
inding  to  these  facts  will  be  seen  subsequently. 
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The  red  colour  of  the  blood  depends  upon  these  corpusc! 


as. 


but  all  animals  do  not  possess  coloured  corpuscles ; accordingly, 
we  find  animals  divided  into  the  white-blooded,  which  is  the 
usual  state  of  the  invertebrata ; and  the  red-blooded,  of  the  ] 
vertebrata. 

The  colouring  matter  of  the  blood  has  been  much  studied,  I 
and  is  little  understood.  It  has  been  most  usual  to  attribute  it 
to  certain  salts  of  h-on,  which,  dissolved  in  serum  by  the  aid  of  an 
alkali,  were  said  to  produce  the  exact  tint  of  the  blood.  This  lias 
been  denied,  and  even  the  presence  of  iron  in  the  blood  doubted; 
but  it  seems  fully  established,  by  the  experiments  of  Berzelius  ■ 
and  Engelhart,  that  it  does  exist,  and  is  connected,  not  with  the 
fibrin  or  serum,  but  with  hcematosine.  They  conclude,  thereto: 
that  though  in  very  small  quantities,  not  exceeding  one-half  per  ■ 
cent.,  it  must  be  in  some  way  connected  with  the  colour  of  the  blood,  I 
but  in  what  way  they  could  not  decide.  Dr.  Stevens  has  since  | 
suggested  that  the  colouring  matter  is  a peculiar  animal  princij 
containing  a large  proportion  of  carbon,  to  which  we  can  only  I 
say,  we  think  it  very  possible ; perhaps  in  his  future  research 
he  would  consider  how  tar  the  bronchial  glands,  which  we  find 
constantly  black  with  carbon,  may  contribute  towards  the  forma-  ' . 
tion  of  this  principle.  It  is  at  any  rate  not  an  essential  part  af  ^ : 
the  blood,  for  many  lower  animals,  such  as  insects,  mollusca,  and 
Crustacea,  are  very  well  nourished  by  a blood  that  has  no  colour. 
Parts  also  of  the  human  body  are  supplied  by  vessels  so  small,  h 
that  they  convey  nothing  more  than  the  plastic  lymph  of  the 
blood,  or  perhaps  a single  file  of  blood  globules,  when  the  colour 
would  be  so  faint  as  scarcely  to  be  distinguished.  It  is  only  in 
cases  of  inflammation  that  these  vessels  become  dilated,  so  as  to 
admit  a sufficient  number  of  red  particles  to  render  the  colour 
evident. 

There  are,  moreover,  certain  tissues  of  the  body  which  have 
no  bloodvessels  whatever.  The  cartilage,  for  instance,  whki 
tips  the  ends  of  the  bones,  the  nails  and  hair,  and  certain  delicate  * 
transparent  tissues  of  the  eye,  are  all  untraversed  by  a single  * 
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oodvessel.  These  parts  are  termed  the  non-vascular  tissues, 
d still  retain  their  vitality,  being  nourished  by  the  blood  of  the 
rrounding  structures,  which  is  brought  sufficiently  near  them 
that  purpose. 

The  seru  m is  the  remaining  part  of  the  blood  after  th & fibrin 
d colouring  matter  are  removed  in  a clot.  It  is  a thin  fluid 
~e  whey,  with  a slight  yellowish  or  greenish  tint,  unctuous  or 
ppery  between  the  fingers,  and  containing  a certain  proportion 
salts.  When  exposed  to  a heat  of  150°  (Fahrenheit),  it  soon 
icomes  opaque  in  consequence  of  the  albumen  which  it  contains 
ing  coagulated.  This  albumen  differs  in  little  from  the  lymph 
fibrin,  except  in  being  fluid.  Their  chemical  constitution  is 
ost  the  same,  and  they  are  applied  to  the  same  uses,  the 
urishing  of  the  body.  The  albumen  or  white  of  egg,  is  in  fact 
earliest  nutriment  of  the  chick,  and  the  same  principle  is  also 
d in  the  seeds  of  plants,  affording  the  earliest  materials  for 
growth  before  the  root  has  established  a connexion  with  the 
or  the  leaves  with  the  air. 

There  is  still  another  constituent  in  the  blood,  termed  serosity. 
is  is  procured  by  pressing  the  albumen  that  has  coagulated, 
en  a certain  portion  of  a thin  watery  fluid,  holding  in  solution 
mal  matter  and  a little  salts,  exudes.  It  is  well  known  under 
5 name  of  gravy,  and  is  seen  to  run  out  on  cutting  meat  that 
i been  dressed.  The  analyses  of  the  blood,  as  a whole,  vary 
siderably ; for,  indeed,  there  is  not,  nor  can  there  be,  any 
dard  analysis  to  which  all  others  may  be  referred.  At  every 
at  its  composition  as  a whole  is  changing ; at  every  respi- 
on  an  alteration  is  effected ; at  every  meal  new  material  is 
ed;  each  muscular  action,  each  effort  of  the  mind,  takes 
ething  away;  and  thus  a constant  circle  of  variations  is 
ring,  but  that  circle  still  compatible  with  a state  of  health. 
But  though  the  proportions  are  perpetually  changing,  its 
n composition  presents  always  the  same  great  classes  of 
ents ; for  blood,  like  food,  is  composed  of  water,  of  salts,  of 
'Ogenous  and  ol  non-nitrogenous  organic  substances.  The 
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proportion  of  the  leading  ingredients,  according  to  Andral,  may 
he  estimated  in  a state  of  health  at  something  like  the  following : 
in  every  1000  parts  of  blood,  there  would  be  800  of  water,  127 
of  globules,  3 of  fibrine,  and  127  of  solids  of  the  serum, — that  is, 
of  what  remains  when  the  serum  is  evaporated  to  dryness.  In 
a state  of  disease,  of  course,  the  relative  proportions  of  these  in- 
gredients may  he  greatly  altered. 

We  thus  see  that  the  blood  in  the  higher  orders  of  animals, 
is  a very  complicated  principle,  complicated  in  proportion  to  the 
number  of  different  organs  it  has  to  maintain,  and  the  different 
secretions  for  which  it  must  supply  matter.  Its  importance  to 
the  whole  frame  is  well  known ; it  penetrates  every  tissue,  affords: 
them  the  materials  necessary  for  their  growth,  and  the  stimulus 
that  enables  them  to  act.  Without  it  the  nerve  could  neither 
feel  nor  convey  the  commands  of  the  will.  When,  in  sitting,  we 
press  on  the  nerves  of  the  thigh,  so  as  to  impede  the  passage  of 
the  blood  into  them,  the  leg  and  foot  lose  all  sensation  and  motion, 
they  become  what  is  commonly  termed  asleep.  When  we  rise 
or  shift  our  situation,  so  as  to  take  off  the  pressure,  the  blood 
commences  to  flow  again,  and  our  first  perception  of  its  return, 
as  our  earliest  perception  of  life,  or  the  first  sensation  of  a man  re-  1 
covering  from  drowning,  is  accompanied  by  pain.  There  is  2 
disagreeable,  unpleasant,  pricking  feel,  commonly  known  as  i 
‘ pins  and  needles,’  which  is  produced  by  the  blood  re-entering  : 
the  minute  vessels.  If  this  impediment  to  the  flow  of  blooc  1 
he  continued,  the  part  dies.  On  this  principle  surgeons  aff  ■ 
■when  they  remove  certain  excrescences,  by  what  is  terinec 
‘ligature.’  They  tie  a string  tightly  round  the  neck  of  tin  1 
excrescence,  so  as  to  strangle  the  vessels  going  into  it  from  thi  i 
body ; the  excrescence,  no  longer  supplied  with  blood,  dies : anc  i 
as  dead  matter  cannot  attach  to  living,  it  sloughs,  and  is  cast  ofl 
So  true  is  it  that  ‘ the  life  of  all  flesh  is  the  blood  thereof.  | 
The  quantity  of  this  fluid  contained  in  the  body  of  an  adult  ha 
been  very  variously  estimated.  Allen  makes  it  scarcely  mor 
than  eight  pints ; Harvey,  nine  : Borelli,  twenty ; Haller,  thirty 
Kiolan,  forty ; Hamberger,  eighty ; Keill,  a hundred  ! Th 
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I? inner,  Biumenbach  says,  are  evidently  much  nearer  the  truth. 

is  evident,  however,  that  any  arbitrary  statement  of  the 
Liantity  of  a fluid,  which  probably  varies  after  every  meal,  must 
I • incorrect,  and  merely  allowed  as  an  approximation.  The 
lids  of  the  body  are  generally  considered  as  forming  five-sixths 
its  whole  weight,  and  the  solids  only  one-sixth ; perhaps,  in- 
cid,  the  proportion  of  fluids  may  be  fairly  set  down  as  still 
■ater.  Sir  Joseph  Banks  had  sent  him  a perfectly  dry  mummy 
Li  Guanche,  from  the  island  of  Teueriffe,  which,  though  perfect, 
1 containing  all  the  intestines,  weighed  but  seven  pounds  and  a 
The  bodies  of  persons  overwhelmed  by  the  sands  in  the 
bian  desert  are  also  occasionally  found,  which,  from  the  parch- 
V-  nature  of  the  soil,  have  been  dried  up  so  suddenly  as  to  allow 
dme  for  putrefaction,  and  these  are  said  to  weigh  generally 
to  twelve  pounds.  When  containing  all  their  fluids,  they 
. J’bably  did  not  fall  short  of  a hundred  or  a hundred  and  twenty, 
v all  these  fluids  either  were  blood,  were  intended  to  be  such, 
.aad  been  such ; that  is,  existed  in  the  state  of  chyle,  or  matters 
I sn  in  by  the  absorbents,  and  which  were  on  their  way  to 
It-r  the  circulating  fluid;  or  having  entered  it  through  the 
I s,  and  undergone  the  action  of  the  heart  and  lungs,  appeared 
erfect  blood  in  the  arteries ; or,  finally,  being  conveyed  by 
l e arteries  to  the  several  secretory  organs,  had  been  separated 
Ine  form  of  secretions,  such  as  the  bile,  urine,  &c.  But  as  we 
lot  know  the  proportion  which  the  first  and  third  of  these 
!•  es  bear  to  the  second,  we  cannot  from  this  deduce  anything 
acting  the  quantity  of  blood  in  the  circulation.  The  usual 
pate  is  from  fifteen  to  twenty  pints ; we  have  no  means  of 
lag  a more  accurate  valuation. 

■Variations  in  the  quantity  of  the  blood  are  productive  of 
and  serious  diseases.  When  it  is  not  formed  in  sufficient 
■ •dance,  as  may  arise  from  derangement  of  some  part  of  the 
••five  organs,  we  see  emaciation  and  debility  coino  on ; or 
Bsudden  withdrawal  of  a portion  of  it,  by  the  operation  of 
Bing,  will  cause  fainting  and  temporary  weakness.  A super- 
■ ' of  blood  is  equally  dangerous.  This  is  termed  pic- 
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thora*  and  most  usually  occurs  at  the  period  of  life  when,  the  bod  I* 
being  completely  formed  and  knit,  there  is  no  further  deman  V- 
for  the  supplies  which  a powerful  digestive  system  still  continue  ft 
to  furnish  in  the  same  abundance  as  before.  If  these  are  no  ft 
worked  off  by  active  exertion,  or  diminished  by  a moderate  an  ft 
temperate  diet,  the  blood  becomes  too  rich  and  copious,  anift 
Nature  attempts  often  to  relieve  herself  by  discharging  a portiolft- 
of  it.  These  discharges  more  commonly  take  place  from  tkU 
nose,  or  from  the  extremity  of  the  intestinal  canal,  under  it  II 
form  of  bleeding  piles,  and  are  most  usual  in  persons  of  abcrJi 
forty  or  fifty,  who  use  little  exercise,  and  indulge  freely  in  tiu 
pleasures  of  the  table.  Should  the  discharge,  however,  tali  I 
place  from  the  small  vessels  of  the  brain,  the  effused  blood  win 
press  on  the  brain,  and  cause  those  preliminary  apoplectic  attaeln: 
that  often  occur  about  this  period.  The  tendency  to  these  1 
much  increased  by  the  use  of  stimulating  liquors,  by  fits  I ... 
passion,  or  by  wearing  tight  neckcloths,  which,  pressing  on  tit 
jugular  veins,  prevent  the  free  return  of  the  blood  from  the  heal 
while  the  arteries  lying  deeper,  are  not  affected  by  the  sanlj 
pressure,  and  continue  to  supply  the  head  in  the  usual  quantity 
Another  mode  in  which  the  superfluous  blood  is  got  rid  of, 
by  being  employed  in  the  deposition  of  fat.  It  was  the  old  idi 
that  fat  was  secreted  by  certain  glands  destined  for  that  purpos 
but  as  no  such  glands  can  be  discovered,  it  is  now  allowed  that  j 
is  formed  in  the  circulation,  and  deposited  from  the  sides  of  t j 
vessels,  more  particularly  the  veins.  It  exists  in  a great  varie  i 
of  forms,  as  oil,  marrow,  fat,  spermaceti,  and  suet,  which  s . 
contain  the  same  principles,  and  only  differ  in  solidity.  The 
principles  M.  Chevreul,  who  has  particularly  investigated  tl 
subject,  has  termed  claine,\  margarine,  and  slearinc  the  pi  i 


* rXijflcipa;  from  -XijOo.  to  fill,  to  inundate. 

t From  e.\tuor,  oil ; as  remaining  liquid  at  ordinary  temperatures. 

+ From  arreap,  suet ; which,  in  such  circumstances,  is  solid.  Advantage  j 
been  taken  of  this  to  separate  these  two  principles.  If  common  oil  be  exposer 
n low  temperature,  its  stearine  congeals,  while  the  rfoi'wc  remains  liquid,  and  tt 
be  separated  from  it  by  pressing  between  folds  of  bibulous  paper.  In  thisp 
form  it  is  used  iu  greasing  the  wheels  of  watches  and  other  delicate  machine 


THE  BLOOD. 


163 


romance  of  the  two  former  renders  the  compound  more  fluid, 
-of  the  latter  more  solid.  That  it  is  deposited  from  the  sides  of 
:ns,  we  can  in  some  measure  satisfy  ourselves,  by  examining  at 
y butcher’s  stall  the  caul  of  a lamb,  which  is  generally  spread 
er  it  as  an  ornament.  We  observe  the  fat  here  not  uniformly 
over  the  entire  surface,  but  deposited  in  stripes  or  ribands, 
dng  different  directions,  meeting  together,  and  again  parting, 
sometimes  to  approach  the  appearance  of  lace.  In  the  centre 
each  of  these  ribands  we  shall  find  a vein  running,  and  the 
osition  first  takes  place  round  its  circumference,  from  which 
radually  spreads  out.  This  deposition,  also,  is  most  abundant 
hose  animals  in  whom  the  venous  blood  bears  a large  pro- 
ion to  the  arterial,  such  as  the  whale-kind,  where  we  always 
an  immense  quantity  of  blubber  underneath  the  skin,  and 
he  cachalot,  or  spermaceti  whale,  a collection  amounting 
'mes  to  eighteen  or  twenty  tons  of  the  fluid  fatty  matter, 
u which  it  derives  its  name,  and  which  occupies  two  large 
:ms  on  the  upper  surface  of  its  head.  In  the  high-flying 
in  whom,  on  the  contrary,  the  arterial  blood  is  more 
dant,  fat  is  rarely  deposited.  It  increases  in  those  which 
e on  or  near  the  ground,  and  make  less  distant  excursions  j 
are  the  partridge,  the  barn-door  fowl,  and  many  small  birds, 
ater-fowl  the  quantity  of  venous  blood  again  predominates, 
<e  darkuess  of  their  flesh  would  indicate,  and  we  well  know 
oantity  of  rich  rancid  fat  often  found  in  their  bodies.  When 
natural  disposition  we  superadd  a state  of  perfect  rest, 
we  bind  an  unfortunate  goose  in  a hot  close  situation,  debar 
motion,  put  out  its  eyes  to  prevent  the  entrance  of  any 
rment  from  without,  and  then  cram  it  with  food,  under  these 
Brural  circumstances  the  liver  becomes  diseased,  it  swells,  a 
B”ily  fat  is  deposited  around  and  in  its  substance,  and  it  forms 
^delicacy  so  highly  esteemed  by  the  gourmand,  but  which 


hen  the  oil  was  used  entire,  were  often  clogged  and  stopped  1 >v  the  coil- 
»i  of  the  stearine,  consequent  on  the  first  winter  cold.  This  is  one  reason 
tches  are  more  liable  to  stop  at  night,  when  laid  on  a table,  than  during 
„ when  they  are  worn  about  the  person. 

U 2 


164 


THE  BLOOD. 


should  be  abhorred  by  every  man  of  humane  feeling,  the  far- fame 
‘ foie  gras  de  Strasbourg.’ 

Fat  is  also  formed  abundantly  in  such  animals  as  remai 
torpid  during  the  cold  weather.  A little  before  the  approach 
winter,  they  feed  voraciously,  and  the  fat  collects  in  enormoi 
quantities,  chiefly  about  the  intestines  and  mesentery,  from  wbii 
it  is  easily  absorbed,  and  carried  off  for  the  nutriment  of  t; 
system  during  the  long  sleep,  when  no  sustenance  can  be  suppli 
from  without.  That  such  is  its  use,  is  evident  from  the 
that  however  fat  and  plump  they  may  have  retired  to 
dormitories,  they  always  re-appear  thin  and  emaciated.  Pe: 
employed  in  hunting  the  bear  for  the  sake  of  his  grease,  kne 
that  this  is  always  collected  in  most  abundance  towards  the  ck 
of  autumn.  The  fur,  a more  important  object,  is  also  in  p 
fection  at  the  same  time,  or  perhaps  a little  later,  when 
autumnal  moulting  is  over,  and  he  is  completely  furnished  w 
his  new  winter-coat.  Irregular  accumulations  of  fat  in  differ* 
parts  of  the  body  occur  in  several  animals.  Of  this  nature 
the  humps  on  the  back  of  the  camel  and  dromedary,  which,  li 
the  internal  collections  in  animals  that  lie  torpid,  become  mu 
•diminished  when  no  food  has  been  taken  for  some  time ; 
•would  seem  an  additional  provision  to  fit  the  camel  for  traversi 
.‘the  barren  as  well  as  ‘the  dry  land.’  The  hunch  on  1, 
shoulder  of  the  bison  is  nearly  of  the  same  description,  mb 
with  much  gristly  matter,  and  is  esteemed  by  the  Ameri< 
Indians  a high  dainty.  A very  savoury  description  of  the  me 
in  which  it  is  dressed,  along  with  an  animated  account  of  a bis* 
hunt,  occurs  in  one  of  Cooper’s  tales ; and  it  is  pleasant  thus  1 
find  a fictitious  scene  based  on  the  reality  of  nature, — the  colo 
of  fancy  adorning  the  ground-work  of  observation. 

The  Cape  sheep,  it  is  well  known,  have  tails  of  such  er.orm* 
size,  as  to  require  to  be  supported  on  little  carriages,  which  t 
trail  after  them;  the  Bosjesman  women,  inhabiting  nearly 
same  country,  have  similar  fatty  depositions  ou  their  buttocks 
which  the  person  exhibited  under  the  name  of  the  Hotte* 
Venus  afforded  a well-known  example.  She  died  in  Paris 
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15,  and  M.  Cuvier,  who  had  the  opportunity  of  examining, 
eorts  that  the  enormous  protuberance  consisted  altogether  of 
(elastic  tremulous  fat.  It  is  singular  that  the  same  is  found 
certain  of  the  monkey-tribe,  as  for  instance  the  mandrils, 
abiting  Guinea;  and  it  would  appear  that  in  neither  case 
this  collection  commence  until  the  female  has  become 
other,  or  at  least  arrived  at  the  age  of  puberty.  General 
sity  is  more  frequently  met  with  in  the  female  than  in  the 
le  sex.  This  may,  in  part,  be  attributed  to  their  more 
•ntary  habits,  but  must  also  be  influenced  by  the  greater 
ntity  of  cellular  structure  in  their  bodies,  which  we  know  to 
he  most  usual  place  for  its  deposition.  They  would  appear, 

, to  have  a greater  proportion  of  venous  blood,  and  this,  in 
1 persons,  is  found  loaded  with  a rich  oily  matter,  that 
sires  only  to  be  poured  from  the  sides  of  the  vessels  to 
:len  into  fat.  De  Blainville,  who  has  adopted  this  idea  of 
•origin  of  fat,  mentions  a singular  fact  in  support  of  it.  He 
engaged  in  dissecting  an  elephant  that  had  died  at  the 
'n  des  Plantes.  The  animal  had  been  long  domesticated, 
y fed,  and,  in  consequence,  had  died  of  apoplexy.  He  was 
ing  some  examination  by  the  side  of  the  jugular  vein,  which 
need  to  cut  slightly ; returning  the  next  day,  he  found  that 
in  quantity  of  blood  had  flowed  along  the  neck.  But  what 
k him  most  was,  that  the  liquid  had  deposited  to  the  right 
left  along  its  whole  course  a quantity  of  fine,  white,  greasy- 
Ing  matter,  which  he  analyzed  with  great  care,  and  found  to 
fectly-formed  fat.  This  he  looks  on  as  conclusive,  that  fat 
»t  formed  by  glands,  but  in  the  circulation,  and  exuded  then 
. the  sides  of  the  vessels. 

demarkable  cases  of  corpulence  have  from  time  to  time  been 
r-ded.  A man  was  shown  at  the  Palais  Royal,  who  weighed  five 
fired  pounds,  and  was  almost  as  broad  as  long.  Mr.  Bright, 
aldon,  in  Essex,  died  in  the  30th  year  of  his  age,  and  had 
arrived  at  the  enormous  weight  of  forty-four  stone,  or  six 
red  and  sixteen  pounds.  He  was  five  feet  nine  inches  and  a 
•high,  measured  round  the  chest,  just  under  the  arms,  five  feet 
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six  inches,  and  round  the  belly  six  feet  eleven  inches.  But  th 
fattest  person  of  whom  we  have  authentic  account  was  I 
Lambert,  of  Leicestershire,  who  died  at  the  age  of  fortv,  wei? 
seven  hundred  and  thirty-nine  pounds.  Such  men  are  seldom  c 
extreme  sensibility;  the  extremities  of  the  nerves  seem  lost  i 
the  prodigious  accumulation,  their  acuteness  of  sensation  i 
blunted,  and  the  mental  feelings  generally  exhibit  similar  obt 
ness.  The  disposition  is  often  easy  and  contented,  they  ha 
none  of  the  stronger  passions ; they  are  not  given  to  plo 
or  devising  plans.  Men  of  anxious  mind  and  irritable  te 
seldom  get  fat.  With  what  justice  does  Shakspeare  makeC; 
say, 


Let  me  have  men  about  me  that  are  fat ; 
Sleek-headed  men,  and  such  as  sleep  o’  nights  : 
Yond’  Cassius  has  a lean  and  hungry  look ; 

He  thinks  too  much  : such  men  are  dangerous. 


The  influence  of  rest  in  producing  this  deposition  is  curious! 
exemplified  in  insects,  in  many  of  whom  we  find  an  abundai  - 
quantity  of  fat,  while  in  the  state  of  larva,  which  disappears  i 
soon  as  they  have  sprung  from  this  dull,  motionless,  livin 
sepulchre  to  ‘ wing  their  way  through  fields  of  air.’  The  use 
malt  liquor  is  another  cause,  and  every  one  knows  the  fattenij 
effect  of  grains  given  to  cattle. 

We  have  thus  seen  that  plethora  and  fat  are  consequences  < I. 
too  great  a quantity  of  blood  in  the  system.  Hypertrophy  * ( i - 
an  undue  growth  of  certain  parts  of  the  body,  may  be  mentiont  t 
as  a third.  This  has  been  known  to  occur  in  the  brain,  hear  i 
and  kidney.  When  the  substance  of  tbe  heart  is  affected  by  it, 
most  painful  and  often  incurable  disease  is  the  eonsequenc 
Alterations  in  the  quality  of  the  blood  are  productive  of  equal 
serious  affections.  The  blood  in  scurvy  is  more  fluid,  of  a viol' 
or  greyish  colour,  and  possesses  a peculiar  odour.  It  is  probab. 
that  changes  are  produced  in  it  by  tbe  effect  of  marshy  exhab 
tions,  and  perhaps  the  primary  changes  in  some  contagious  di 
orders  occur  in  this  fluid,  but  observations  are  much  wanting  c 
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is  point.  Dr.  Stevens  lias  not  been  by  any  means  sufficiently 
curate  to  satisfy  the  doubts  which  are  proper  on  such  a subject, 
's  inquiries,  too,  have  the  misfortune  of  having  been  made  to 
port  a preconceived  theory. 

The  colour  of  the  blood  is  well  known  to  vary  in  different 
is  of  the  circulating  system ; thus,  if  we  examine  it  in  the 
:ns,  or  the  right  side  of  the  heart,  we  shall  find  it  of  a dark 
ll  or  purplish  colour ; but  after  it  has  passed  through  the 
igs,  and  been  there  exposed  to  the  action  of  the  air,  it  becomes 
a bright  lively  red,  and  is  so  found  in  the  left  side  of  the 
id  and  the  arteries.  Aristotle  first  made  the  remark,  which 
sequent  observations  seem  to  have  confirmed,  that  the  blood 
a negro  is  darker  than  our  blood.  The  temperature  of  the 
varies  in  different  classes  of  animals.  In  man  it  is  about 
Fahrenheit,  in  birds  higher : in  cold-blooded  animals  it  is 
little  above  that  of  the  medium  (whether  air  or  water)  in 
"ch  they  live.  We  shall  have  occasion,  however,  to  speak 
:e  fully  of  these  matters  afterwards.  After  death  the  blood 
ally  coagulates  in  the  vessels,  and  the  clot  thus  formed  in 
heart,  from  the  organized  appearance  the  fibrin  puts  on,  has 
unfrequently  been  mistaken  for  a diseased  growth.  In 
“ns  who  die  by  hanging  or  drowning,  the  blood  ordinarily 
ins  fluid.  The  same  occurs  after  death  resulting  from 
ent  muscular  exertion ; from  locked- jaw,  which,  in  fact,  is 
similar  to  the  former,  being  a general  spasm,  or  forcible 
faction  of  the  muscles  ; from  impressions  on  the  nervous 
_em,  such  as  violent  fits  of  passion;  and,  it  is  also  said, 
lightning.  In  all  these  cases  the  body  sooner  runs  into 
efaction,  as  if  the  extinction  of  life  had  been  more  sudden 
complete.  In  those  cases,  too,  the  body  remains  flaccid, 
as  the  fibrin  does  not  coagulate  in  the  vessels,  so  neither 
the  fibres  of  the  muscles  assume  their  usual  rigid  con- 
tion. 

-John  Hunter  was  induced  to  believe  that  the  blood  was 
% and  that  coagulation  was  its  last  vital  act.  The  idea  of 
mid  being  alive  is  at  first  received  with  difficulty,  but  when 
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we  reflect  on  our  total  ignorance  of  the  nature  of  life,  we  must  1 1 
confess  that  no  reason  can  be  shown  why  it  should  not  be 

conferred  on  a fluid  as  well  as  a solid.  Besides,  out  of  this  ; : 

fluid  solids  are  formed.  We  hare  shown,  that  when  blood  is 
poured  out  into  a wound,  and  coagulates  there,  its  solid  part  i b 
becomes  penetrated  with  vessels,  which,  uniting  with  the  vessels 
on  either  side,  cany  on  the  circulation  through  it,  and  it 
becomes,  to  all  intents,  a living  organized  mass.  Why,  it  is 
said,  allow  it  life,  now  that  it  is  solid,  and  den}-  it  before  merelj 
because  it  was  fluid  ? An  impregnated  egg,  it  is  well  known, 
is  alive.  The  principle  of  life  in  it  prevents  putrefaction  taking  i : 
place  when  the  egg  is  placed,  during  incubation,  in  circum- 
stances most  favourable  for  its  occurrence.  It  also  enables  if  fc . 
to  resist  cold ; and  eggs  which  have  been  once  frozen  are  more 

readily  frozen  a second  time,  the  first  congelation  having  . 

destroyed  the  vital  principle.  An  addled  egg  will  also  freeze  ; 
more  readily  than  a fresh  one.  Now  it  is  asserted  that  blood 
just  drawn,  and  exposed  to  a freezing  mixture,  resists  its  • 
influence  longer  than  the  same  blood  thawed  and  warmed  to  its 
original  heat  will.  This  would  be  a strong  corroboration  of  the 
opinion,  and  we  believe  that  we  agree  with  the  greater  numba 
of  physiologists  of  the  present  day,  in  considering  the  blood  as 
possessing  at  least  a certain  kind  of  vitality,  in  consequence  o: 
which,  a mutual  relation  is  established  between  it  and  the  vessels 
in  which  it  circulates. 

The  idea  of  transfusing  blood,  that  is,  transferring  it  fix® 
the  vessels  of  one  animal  to  circulate  in  those  of  another,  was 
first  put  into  execution  by  Dr.  Lower.  He  found,  that  whet 
an  animal  lay,  after  a copious  bleeding,  exhausted  and  almost 
lifeless,  it  was  immediately  restored  by  conveying  into  its  vans 
a quantity  of  blood  taken  fresh  from  another  animal.  It  was 
supposed  that  the  application  of  this  fact  might  be  useful  it 
medicine, — in  short,  that  diseases  were  to  be  cured  by  supplying 
the  patient  with  a quantity  of  fresh  healthy  blood.  Transfu- 
sion, however,  must  be  performed  with  blood  having  the  sam< 
kind  of  globules  as  those  already  circulating  through  the  veins 
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blood  with  different  sized  corpuscles  be  used,  the  pulse 
comes  frequent,  the  temperature  falls  rapidly,  and  death  occurs 
a few  days.  If,  again,  blood  with  different  shaped  cor- 
scles  be  employed,  death  occurs  rapidly  with  nervous  symp- 
ns  of  great  violence,  as  if  from  some  virulent  poison. 

When  transfusion  was  first  practised  in  this  country,  this 
t was  not  known ; the  blood  of  calves,  of  goats,  or  of  sheep 
.s  made  use  of,  and  the  consequences  were  so  dangerous,  so 
that  the  practice  was  interdicted.  Latterly,  however,  it 
been  revived  in  a more  rational  manner,  chiefly  owing  to 
- exertions  of  Dr.  Blundell,  and  in  his  hands  it  has  suc- 
ded  in  preserving  the  lives  of  many  females  who  were 
uced  to  the  lowest  state  of  exhaustion  in  consequence  of 
fuse  discharges  of  blood  consequent  on  childbirth.  It  is 
dent,  however,  in  these  cases,  that  the  only  object  was  the 
intaining  in  the  body  a sufficient  quantity  of  blood.  No 
nge  in  its  quality  was  aimed  at. 

From  the  belief  that  certain  diseases  originate  in  the  blood, 
las  been  suggested  to  apply  our  remedies  to  the  fountain 
d,  by  injecting  them  into  the  circulation.  We  regret  that 
decided  success  has  been  shown  to  attend  this  mode  of 
itment.  It  was  pretty  extensively  tried  during  the  late 
ancholy  epidemic,  and  we  do  not  believe  it  did  much  injury, 

. pt  when  pushed,  as  it  occasionally  was,  to  the  extravagant 
~h  of  throwing  in  whole  gallons  of  fluid.  For  the  rest  we 
V say  it  had  the  fate  of  other  remedies.  It  had  its  supporters 
its  opposers.  It  was  brought  to  combat  a disease,  the  pro- 
s of  which  was  like  the  flight  of  the  locust-tribes,  ‘before 
n was  a fertile  paradise,  behind  them  a desert  waste a 
e of  which  we  know  the  sad  results,  while  the  causes  are 
hid  from  us  ; a disease  against  which  it  was  justifiable  to 
every  expedient,  yet  in  which  we  fear  that  it  might  often 
i truth  be  said,  He  who  did  least,  did  most. 
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secre-  | 


ATOW  having  gotten  the  blood,  the  fluid  by  which  ail 
L 'll  of  the  body  are  nourished,  and  out  of  which  all  the 
tions  are  made,  the  nest  question  is,  by  what  means  is  it  to  ' 
be  conveyed  to  those  parts,  and  how  can  we  ensure  the 
return  of  such  portions  of  it  as  may  not  be  required,  for 
those  offices  ? Of  course,  the  most  obvious  way  is  to  lay  down  - in 
a system  of  tubes,  or  rather  one  large  main-pipe,  giving  of 
branches  as  it  passes  along,  and  these  again  subdividing  until 
they  penetrate  the  minutest  part.  This  is  the  principle  on 
which,  a city  is  supplied  with  water.  From  the  basin  or  reser- 
voir, sets  out  a great  main-pipe,  which  at  first,  perhaps,  gives  - 
off  leading  branches  for  three  or  four  prominent  districts : these 
branches,  running  along  the  principal  streets,  send  off  lessa 
conduits  into  each  cross  street ; from  these  conduits  still  sir. alia 
tubes  lead  into  every  house,  and  perhaps  a still  further  sub- 
division supplies  every  room.  This  supply  is  in  the  hnmaa 
body  carried  on  through  the  great  system  of  vessels  termed 
the  arteries.  The  central  pipe  is  the  aorta.  Setting  out  from 
the  chest,  it  first  ascends  a little,  and  forms  a curve,  from  the 
uppermost  surface  of  which  it  sends  off  the  vessels  that  are  tc 
supply  the  head,  neck,  and  upper  extremities.  Having  thus 
provided  for  those  parts  it  bends  downwards,  and  lying  close  on 
the  back-bone,  rather  on  its  left  side,  commences  its  cours 
along  the  trunk,  sending  out  at  each  side  a branch  to  s uppbj 
the  muscles  between  each  pair  of  ribs ; these  branches  are  callec 
intercostal,  from  inter,  between,  and  costa,  a rib.  Having  gof 
out  of  the  chest  and  through  the  diaphragm,  which,  as  we  hav< 
said,  separates  the  chest  from  the  abdomen,  like  a shelf  placet 
between  them,  it  gives  out  from  its  front  part  a short  thick 
trunk,  which,  after  a course  of  about  half  an  inch,  breaks  sud 
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>nly  into  three  divisions,  the  one  on  the  right  going  to  the 
rer,  the  one  in  the  centre  to  the  stomach,  and  the  one  on  the 
lib  to  the  spleen.  These  three  organs,  it  will  he  remembered, 
nearly  in  the  same  level,  so  that  a good  engineer  would  take 
vantage  of  tin’s  to  supply  them  through  a common  duct.  But 
<ere  is  also  another  organ  lying  in  the  same  line  further  hack, 
? pancreas.  This  is  a long  narrow  gland,  compared  in  form 
a dog’s  tongue,  lying  across  the  hack-bone,  with  its  thin  end 
cards  the  left,  in  contact  with  the  spleen,  and  its  thick  end, 
led  the  head  of  the  pancreas,  placed  towards  the  right,  sur- 
ided  by  the  tunas  of  the  duodenum,  and  consequently  in 
immediate  neighbourhood  of  the  liver.  Now  as  it  is  thus 
se  to  parts  abundantly  supplied,  there  would  be  no  use  in 
a ding  a particular  pipe  to  itself,  but  short  pipes  are  laid  into 
Tom  the  arteries  of  the  spleen  on  the  left,  and  from  those  of 
; stomach  and  liver  on  the  centre  and  right.  Having  thus 
plied  the  upper  stage  of  the  abdomen  by  one  great  trunk,  the 
ita  continues  its  course  down  along  the  back-bone.  It  soon 
lives  at  the  mesentery,  which,  as  we  have  explained,,  is  the 
of  serous  membrane  binding  the  intestines  to  the  spine, 
this  fold  it  takes  advantage  to  send  a large  branch  to  the  in- 
tines, and  this  branch  supplies  all  the  small  intestines  and  the 
half  of  the  large,  that  is,  the  coecum  aud  a large  part  of  the 
h of  the  colon.  Lower  down,  a second  branch  finishes  what 
accessary  for  the  intestines,  by  supplying  the  remaining  part  of 
colon  and  the  rectum ; while,  between  those,  two  branches 
sent  off,  one  on  each  side,  to  supply  the  kidneys.  The 
ns  contained  in  the  abdomen  being  now  furnished,  the 
ts  below  arc  next  to  be  considered,  and,  as  the  body  soon 
'ns  to  divide  into  the  two  legs,  it  is  clear  that  the  one  central 
i will  no  longer  be  sufficient.  But  there  is  nothing  an 
ineer  guards  more  against  in  dividing  his  pipes  than  having 
sudden  or  sharp  turns  where  they  can  be  avoided,  as  such 
asc  the  friction,  and  diminish  the  quantity  of  liquid  he  can 
ply.  To  avoid  this,  therefore,  the  aorta  commences  dividing 
f high  up  in  the  loins,  that  the  alteration  in  the  direction 
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of  the  current  may  be  as  gradual  as  possible.  Tliis  will  be  ren 
dered  evident  from  the  accompanying  diagram,  in  which  a L 
the  aorta,  b b the  vessels  into  which  it  divides.  In  fm.  i.  w. 
see  the  natural  course ; in  fig.  2,  the  much  greater  impedimen 


Fig.  l. 


Fig.! 


the  current  would  receive,  were  the  division  not  made  til 
absolutely  necessary.  The  arrows  show  the  direction  of  the 
current. 

Now  these  two  divisions  of  the  aorta  are  called  the  iliac  arte- 
ries, from  ilia  the  flank ; and  before  long  they  each  subdivide  intc 
two  branches,  the  internal  and  external.  The  internal  branch 
dives  deep  into  the  pelvis,  where  it  supplies  the  bladder,  the 
lower  part  of  the  rectum,  and  other  parts  varying  with  the  sex. 
and  penetrating  backwards,  conveys  the  nutritive  fluid  to  an 
that  great  mass  of  muscle  which  forms  the  buttocks.  In  the 
meantime  the  external  runs  forward  to  the  front  of  the  thighs 
where  it  takes  the  name  of  femoral  (femur,  the  thigh ),  sends 
oil’ branches  to  nourish  the  muscles  here,  winds  itself  towards 
the  inside  of  the  thigh,  and  getting  on  the  back  of  it,  can  be  felt 
in  the  hollow  of  the  ham  behind  the  knee.  Its  presence  here  is 
also  evinced  by  the  well-known  experiment  of  a person,  when 
sitting,  throwing  one  of  his  legs  across  the  other ; the  suspended 
leg  is  observed  to  vibrate,  and  the  vibrations  take  place  at  the 
same  moment  as  the  pulsations,  being,  in  fact,  caused  by  the 
fresh  wave  of  blood  attempting  to  straighten  the  arterial  tube. 
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here  it  is  curved  at  the  knee.  The  artery  is  here  called 
olilceal  ( poples-itis , the  ham),  and  divides  itself  further  into 
-o  principal  branches,  the  one  running  along  the  front  and 
iter  part  of  the  leg,  the  other  along  the  back  and  inner  part, 
iese  branches  throw  out  small  twigs  to  all  the  muscles,  and 
her  parts,  in  their  way,  and  finish  by  supplying  the  feet  and 
es.  This  is  a general  outline  of  the  great  system  of  tubes  by 
Inch  the  blood  is  conveyed  to  the  remotest  parts.  They  termi- 
te by  being  subdivided  in  the  substance  of  each  organ  into 
ssels  of  extreme  minuteness,  termed  capillary,  from  cap  Ulus, 
hair.  It  is  in  these  that  nutrition  and  secretion  are  performed, 
t the  knowledge  of  the  course  and  distribution  of  the  vessels 
more  enables  us  to  understand  these  operations  carried  on  at 
eir  extremities,  than  a perfect  map  of  all  his  pipes  and  tubes 
i aides  the  engineer  to  comprehend  to  what  uses  the  tradesmen 
id  manufacturers,  inhabiting  the  several  houses,  may  turn  the 
ter  with  which  he  supplies  them.  But  to  pursue  our  system 
‘ pipes.  The  engineer  suffers  the  waste  water  to  run  off  through 
sewers,  as  it  would  be  of  no  use  to  him  to  bring  it  back 
gain  to  his  reservoir.  A different  plan,  however,  is  to  be  pur- 
ed  in  the  body,  for  the  blood,  when  brought  back,  mixed  with 
me  fresh  chyle  poured  into  it  by  the  thoracic  duct,  and  exposed 
the  action  of  the  air,  becomes  fit  to  be  again  employed  in  the 
me  service ; as  also  the  water  of  the  sewers  would  be  if  pro- 
ly  filtered  and  purified.  For  this  purpose,  therefore,  another 
stem  of  vessels,  termed  veins,  is  laid  down ; and  the  arteries 
mmunicate  with  the  veins  through  the  medium  of  the  capilla- 
:s,  or  rather  the  capillaries  are  the  extremely  fine  terminations 
the  arteries,  and  the  equally  fine  commencement  of  the  veins, 
ning  into  one  another  in  a mode  that  eludes  our  observation, 
s the  veins  get  more  distant  from  their  origin,  they  unite  more 
d more,  until  at  length  they  all  terminate  in  two  large  trunks, 
one  bringing  back  all  the  blood  that  had  been  sent  to 
head  and  upper  extremities;  the  other,  that  which  had 
unshed  the  body  and  lower  extremities;  and  these  two  vessels 
called  voice  cavcc,  superior  and  inferior. 


174 


THE  CIBCELATIOX. 


Vessels  have  now  been  provided  sufficient  for  a perfect  circu- 
lation, that  is,  for  the  return  of  the  fluid  to  the  point  from  vvhidu 
it  set  out.  One  thing  is  yet  wanting ; the  power  that  is  to 
this  fluid  in  motion. 

Now  for  this  purpose  the  engineer  uses  forcing-pumps,  whi 
being  worked  by  the  power  of  animals,  or  water,  or  steam,  d 
the  water  into  all  the  pipes,  and  so  supply  all  parts  of  the  eityj 
But  in  the  body  we  have  neither  animals,  nor  steam,  nor  water; 
to  drive  the  nutritious  fluid,  hut  in  their  place  muscle,  which 
the  true  productive  or  originating  cause  of  motion  in  the  animal 
frame.  Suppose,  then,  that  to  the  origin  of  the  arterial  syst 
we  append  a reservoir-,  and  surround  this  with  strong  musculaa 
fibres,  the  shortening  of  which  would  diminish  its  capacity  so  as 
to  cause  it  to  expel  its  contents  into  the  arteries,  we  should  then 
have  the  first  and  simplest  form  of  heart  ; in  short,  just  such 
heart  as  we  find  actually  present  in  the  Crustacea,  as,  for  in- 
stance, the  crab  or  cray-fish. 

Such  a heart  answers  sufficiently  well  for  this  class  of  ani- 
mals ; hut  when  we  rise  a little  higher,  and  find  a more  perfect 
circulation,  and  the  whole  vessels  constantly  full,  we  soon  observe 
something  further  than  this  one  cavity  to  he  wanting.  For  the 
vessels  being,  as  we  have  said,  full,  it  is  clear  that  when  this 
cavity  contracts,  so  as  to  throw  a fresh  quantity  into  the  arteries, 
an  equal  quantity  must  be  discharged  from  their  extremities  into 
the  veins,  and  the  veins  in  turn  must  seek  to  unload  themselves 
into  this  cavity  of  which  we  speak.  But  the  cavity,  being  just 
at  that  moment  in  a state  of  contraction,  is  not  prepared  to  re- 
ceive this  wave  which  is  thrown  towards  it,  consequently,  it 
becomes  necessary  that  there  should  he  a sort  of  ante-chamber, 
or  receptacle  to  hold  the  blood  until  this  cavity  can  relax  to  re- 
ceive it. 

This  provision,  which  we  have  argued  out  as  proper  and 
necessary,  actually  occurs  in  the  frog,*  in  several  of  the  moll  used, 


* Tin1  frog  is  now  said  to  hare  two  aurielos.  Of  course  this  makes  no  differ- 
ence, as  they  both  discharge  themselves  into  the  same  ventricle.  It  is  only » 
double  reservoir  in  place  of  a single. 
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. The  receptacle  is  called  auricle,  from  its  hearing  in  the 
man  subject  some  resemblance  to  a dog’s  ear  ( auricula ) ; the 
ler,  or  forcing  paid,  is  called  ventricle,  from  its  likeness  to  a 
’e  stomach  (ventriculus). 

The  amide  is  surrounded  by  muscular  fibres  as  well  as  the 
tricle ; they  are,  however,  much  weaker,  as  they  have  merely 
propel  the  blood  into  an  adjoining  cavity.  The  contraction  of 
e cavities  takes  place  alternately  in  this  manner.  The  vena 


A A,  the  Twee  cazot.  C,  the  ventricle. 

B,  the  auricle.  D,  the  great  artery  of  the  body. 

a empty  themselves  into  the  auricle ; this  becoming  filled 
blood,  is  stimulated  to  contract,  and  so  commences  discharg- 
its  contents  into  the  ventricle,  which,  in  turn,  when  fully 
nded,  contracts,  and  forces  the  blood  into  the  artery;  its 
grade  motion  into  the  auricle  being  prevented  by  the  action 
valve,  opening  only  in  one  direction.  While  the  ventricle  is 
acting,  the  auricle  again  is  dilating  and  receiving  the  blood 
h the  venae  cavie  are  bringing  it,  and  so  the  action  is  con- 
ed. 
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This  valve  is  a perfectly  mechanical  contrivance,  mid  i* 


which  a,  the  auricle,  is  surrounded,  and  which,  contracting, 
pour  the  blood  into  v,  the  valve  x offering  no  opposition  in  this 
direction,  but  naturally  falling  inwards.  When,  however,  t 
commences  to  contract,  the  capacity  is  first  diminished,  as  w!ien 
in  the  forcing-pump  p>  is  driven  towards  v ; in  consequence  the 
blood  rushes  back,  catches  the  valve  x,  the  more  readily  that  it 
is  of  a concave  shape  inwards,  forces  it  against  the  opening  into 
the  auricle,  so  as  completely  to  stop  it,  and  thus  leaves  itself  no 


other  mode  of  exit  than  through  the  aorta  r,  into  which,  there- 
fore, it  is  driven.  In  this  cut  we  have  only  represented  th* 
situation  and  action  of  the  valve ; of  its  form  we  shall  speak  when  ; 
examining  the  human  heart.  The  vena  cava,  superior  aim 
inferior,  returning  the  blood  into  the  auricle,  arc  represented 
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So  much  for  a simple  circulation.  But  the  blood,  in  its 
irse  through  the  bod}-,  is  constantly  depositing  its  nutritious 
tides,  and  taking  up  those  which,  having  formed  part  of  the 
ly,  are  now,  as  it  were,  exhausted.  It  must,  therefore,  when 
uning  through  the  veins,  be  unfit  to  go  a second  time 
ugh  the  body,  without  some  renovation  and  purification, 
v the  renovation  is  effected  by  the  pouring  in  of  fresh  matter 
tthe  chyle ; the  purification,  by  exposure  to  air  in  the  sub- 
nce  of  the  lungs.  This  is  particularly  necessary  in  all  the 
er  and  warm-blooded  animals ; and  for  the  purpose  of  this 
- course  of  the  blood  a new  heart  is  added.  It  would  be  more 
te  to  say  that  new  parts  are  added  to  the  heart  we  have 
described,  the  auricle  being  placed  to  the  right,  and  sup- 
1 with  a new  ventricle,  while  the  ventricle  is  placed  to  the 
and  supplied  with  a new  auricle.  We  have  thus  four  cavi- 
the  two  former  of  which  are  distinguished  as  the  right,  or 
jus  cavities  of  the  heart ; the  two  latter  as  the  left,  or  arterial, 
blood  poured  into  the  right  auricle  c,  by  the  veins  a b,  is 
in  colour,  and  unfit  to  nourish  the  body.  The  right  auricle, 
t merely  a reservoir,  sends  it  into  the  right  ventricle  d,  from 
■h  arises  a large  vessel  f,  called  the  pulmonary  artery  (from 
Scow,  the  lungs),  which  immediately  divides  into  two  branches, 
or  each  lung.  Through  this  tire  right  ventricle  impels  the 
into  the  lungs,  where  penetrating  info  extremely  minute 
•Is,  it  is  exposed  to  the  air  which  we  are  constantly  taking 
ij  the  action  of  drawing  our  breaths,  and  which  produces  a 
marked  and  instantaneous  change  on  it,  the  nature  of 
we  shall  examine  when  speaking  of  Respiration.  By  this 
je  the  blood  seems  to  have  lost  all  its  impurities ; from  a 
red  it  becomes  instantly  a bright  scarlet  colour,  and  is 
1 to  have  acquired  its  proper  stimulating  and  nutritious 
4 ties.  It  is  now,  therefore,  sent  by  the  pulmonary  veins  ff, 
M the  left  auricle  o,  thence  into  the  left  ventricle  n,  to  be 
4 fbuted  by  it  through  the  aorta  i,  to  all  parts  of  the  body, 
• which  it  returns  by  the  veins  black  and  impure,  again  to 
llgo  the  same  process  in  the  lungs,  and  again  to  be  sent  out 
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for  the  nourishment  of  the  body.  This,  then,  is  the  perfect  J 
or  double  circulation,  as  we  find  it  to  exist  in  all  warm-:  I 
blooded  animals,  including  birds,  quadrupeds,  the  v.hale-k^|  I 
and  man. 


Eight  anil  Left  sides  of  Heart,  with  Veins  and  Arteries. 


It  does  not  necessarily  follow  that  these  two  parts  should  b 
united  together ; and  it  will  materially  assist  the  understand^  f 
them,  if,  with  Sir  Charles  Bell,  we  first  depict  them  separate.'! 

Now  this  form  of  heart  is  almost  exactly  what  Sir  E.  Horn  . 
found  in  the  dugong,  a warm-blooded  animal  of  the  whale- trih 
brought  to  him  from  the  Straits  of  Malacca.  The  ventricle  i 
were  quite  distinct  in  the  greater  part  of  their  length,  and  onl 
connected  above  by  some  cellular  structure,  which,  with  |tb  | 
usual  twist  of  the  aorta  over  the  pulmonary  artery,  forme  j 
almost  the  sole  connexion  between  the  two  sides.  As  it  : j 
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teresting  to  see  every  step  in  the  advance  of  this  organ  towards 
. 0 perfect  state  in  which  it  occurs  in  man,  we  represent  this, 
Liich  may  be  considered  as  one  of  the  earliest  forms  of  the 
able  heart. 


Heart  of  Dugong. 

, , right  auricle  and  ventricle. 

B,  left  auricle  and  ventricle. 

L« , pulmonary  artery,  arising  from  right  ventricle,  and  diriding  into  d d't  a 
[ branch  for  each  lung. 

| , aorta,  or  great  artery  of  the  body. 


I e may  now  advance  to  the  human  heart,  in  which  these 
are  finally  joined  together,  yet  not  so  invariably  that 
wjs  of  their  separation  may  not  be  found.  Bartholin  relates, 
I in  opening  the  body  of  a malefactor  he  found  the  heart 
■ at  its  extremity,  the  right  ventricle  being  clearly  divided 
lu  the  left.  Most  usually,  however,  they  are  closely  united, 
'•  the  epithets  right  and  left  are  scarcely  applicable  any 
,Rter,  as  that  part  which  in  animals  lay  towards  the  right, 

| appears  rather  in  front,  the  left  being  attached  to  its  pos- 

^ ■) 
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Heart  in  silu;  Pericardium  cut  open,  Lungs  and  Diaphragm  marked. 

T,  the  trachea,  or  windpipe ; L L',  the  Lungs ; V,  the  superior  rnra  euro;  H,th< 
heart ; A,  the  aorta ; p p,  pericardium,  or  heart-ease,  cut  open ; D,  the  diaphragm 

peculiar  sac  or  bag  of  its  own,  termed  pericxrdium  (from  "fp1 
about,  and  ccapSia,  the  heart),  which  we  have  represented  as  c® 


terior  surface.  In  consequence  it  has  been  proposed  to  change  fi 
the  names  to  anterior  and  posterior,  or,  from  a consideration  of  ft 
their  nature  and  offices,  to  call  the  right  the  venous  heart,  or  f 


heart  of  the  lungs ; and  the  left  the  arterial  heart,  or  heart  of 


the  body. 

Thus  composed  the  heart  is  situated  nearlj-  in  the  centre  of 
the  chest,  but  more  to  the  left  side.  It  rests  on  the  diaphragm  1 
by  its  lower  part,  and  lies  rather  obliquely  from  right  towards 
left,  its  point  being  in  the  latter  direction.  It  is  enclosed  in  a 

T 
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pen.  The  pericardium,  however,  naturally,  is  closed  like 
her  serous  sacs,  and  its  internal  surface,  when  it  is  in  contact 
'ith  the  heart,  is  constantly  lubricated  by  a fine  exhalation, 
:‘ch  must  facilitate  the  heart’s  motions  and  prevent  adhesion, 
person  looking  at  a heart  for  the  first  time  would  find  some 
fficulty  in  saying  which  was  the  right  side  and  which  the 
ft ; the  chief  difference  he  would  perceive  would  be,  that  one 
de  looked  weaker  than  the  other,  had  fallen  in  flat  when 
nptied  of  its  blood,  while  the  other,  from  the  thickness  and 
•engtk  of  its  muscular  sides,  had  preserved  its  full  and  rounded 
m.  It  would  occur  to  him,  then,  that  this  latter  side,  being 
ndently  the  strongest,  must  be  the  left  side,  that  which  was 
iployed  in  sending  the  blood  to  the  whole  body ; while  the 
tier,  having  only  to  send  the  blood  through  the  lungs,  did  not 
guire  equal  power.  If  he  proceeded  to  make  a section  across 
:i  ventricles,  he  would  be  still  further  confirmed  that  he  had 
Iged  rightly,  by  finding  something  of  this  appearance. 


Section  of  Heart  across  both  Ventricles. 

, the  left  ventricle,  the  thick  muscular  sides  of  which  enable  it  to  keep  its 
shape;  while  13,  the  right  ventricle,  is  flattened  and  collapsed. 


If,  however,  any  part  of  the  blood-vessels  were  left  attached 
he  heart,  this  would  finally  decide  him,  for  he  could  not  fail 
“ecognise  the  two  ven:e  cavte  discharging  themselves  into  the 
it  auricle,  or  the  aorta,  with  its  great  arch,  arising  out  of  the 
ventricle.  If  he  wished  then  to  examine  the  heart,  say  that 
had  got  a bullock’s  heart,  in  which  all  the  parts  are  quite 
ect,  he  would,  as  the  best  method,  wish  to  follow  the  course 


182 


THE  CIECULATIOX. 


of  the  blood.  His  first  step,  then,  would  be  to  slit  up  the  two  : 
venae  cava,  which  bring  all  the  blood  into  the  heart,  and  lay  i 
open  the  right  auricle,  which  looks  like  a dilatation  of  them  at  i 
the  point  where  they  meet. 

We  have  represented  this  done,  in  the  human  heart,  in  the 
annexed  cut : where  a and  b represent  the  two  venae  cavoe,  the 
former  returning  the  blood  from  the  head  and  upper  extremities, 
the  latter  fi-om  the  trunk  and  lower  extremities,  and  both  uniting  1 
to  form  d,  the  right  auricle,  which  is  seen  cut  open  from  behind:  1 
E is  the  opening  into  G,  the  right  ventricle;  e the  remains  ci 
the  obliterated  foramen  ovale;  and  c is  the  commencement  oi 
the  arch  of  the  aorta. 


Eight  side  of  Heart  laid  open. 

While  the  child  lay  in  its  mother’s  womb  there  was  no  op- 
portunity for  respiration,  therefore  there  would  have  been  no  use  . 
in  sending  the  blood  to  the  lungs,  which,  indeed,  are  at  that  time 
so  collapsed,  that  the  blood  could  not  circulate  through  them- 
Accordingly  at  this  period  a direct  opening  exists  between  the 
rjo-ht  and  left  auricle  through  their  common  partition,  so  that 
the  blood,  when  returned  from  the  veins,  passes  from  the  right 
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io  the  left  auricle,  from  that  into  the  left  ventricle,  and  thence 
t again  to  the  body.  The  opening  through  which  this  com- 
mication  takes  place,  is  termed,  from  its  shape,  the  foramen 
ale ; it  closes  up  as  soon  as  the  child  is  born,  for  then  the 
culation  through  the  lungs  instantly  sets  in.  A slight  thicken- 
and  depression,  however,  mark  its  place,  which  may  be 
tticed  at  f.  In  the  adult,  therefore,  no  opening  remains  but 
at  into  the  ventricle,  the  valves  of  which  we  must  now  proceed 
■consider.  In  speaking  before  of  their  action,  we  represented 
simple  valve  acting  mechanically.  Such  a valve  would  do 
:y  well  for  a forcing-pump,  the  sides  of  which  were  immoveable, 
when  it  could  be  made  of  any  desired  thickness ; but  in  a 
nng  contracting  organ  it  would  want  both  strength  and 
rptation.  The  mode  in  which  both  these  are  provided  for,  is 
nirably  explained  by  Sir  Charles  Bell,  to  whose  works  we  have 
en  been  indebted. 

The  valve  is  composed  of  three  membranes,  the  bases  of 
ich  are  attached  round  the  edges  of  the  opening,  while  their 
nts  are  in  some  measure  free  and  floating,  and  when  laid 
£ether  are  sufficient  completely  to  stop  up  the  orifice.  Now, 
■the  size -of  the  valves  cannot  change,  it  is  necessary  that  the 
e of  the  orifice  should  not  change,  else  they  could  not  pos- 
ly  fdl  it  up.  Thus,  if  the  circle  a should 
arge  itself  to  a',  it  is  clear  the  valves  would 
so  drawn  at  the  base,  that  they  could  not 
et,  and  so  a large  space  x would  be  left, 

■ough  which  the  ventricle  would  return  half 
blood,  in  place  of  sending  it  all  on  to  the 
*gs.  This  is  provided  for,  by  making  the 
fle  a a firm  tendinous  ring;  and  we  may 
fly  assume  it  as  an  indubitable  evidence  of 
sign,  that  this  part  alone  of  the  heart  should  be  incapable  ol' 
ition,  where  alone  motion  would  be  injurious.  But  simple 
■nibranes  would  not  be  sufficient  cither,  for  though  capable 
filling  the  orifice,  they  could  not  resist  the  strength  of  the 
utricle  pressing  on  them  from  below ; and  so  they  would  be 


18-1 


THE  CIECCLATION. 


the  opening. 

1 O 


driven  up  into  the  auricle,  and  the  passage  forced.  Now,  let  i 
see  how  this  is  prevented. 

If  we  suppose  thus  to  be  a section  « 
the  right  ventricle,  we  have,  as  it  wew 
a profile  view  of  two  of  the  valves  4 
a a the  cut  extremities  of  the  tend 
circle,  opening  from  the  auricle  into 
ventricle ; v v the  valves  made  of  a ti 
membrane,  with  then-  concave  side  look-| 
ing  downwards,  so  that  the  blood  im-j 
mediately  catches  them,  on  attempt 
to  return,  and  throws  them  up  ag 
jyciiui-.  Now  come  into  play  c c,  which  are  beaut 
thin  tendinous  -cords,  attached,  as  we  see,  to  the  edges  of  flj 
valves,  and  running  from  them  to  the  sides  of  the  ventricle!  j- 
These  are  not  extensible,  and  their  length  permits  the  valves  3 
just  to  reach  the  orifice,  but  perfectly  prevents  their  being  car-  \ 
ried  up  any  further.  Thus  is  their  strength  provided  for.  Bat 
further  adaptation  is  still  requisite,  because  when  the  ventrick 
commenced  to  contract,  its  sides  would  approach  more  nearly  tc 
the  opening,  therefore  the  tendons  being  relaxed,  \yould  suffei 
the  valves  to  float  up.  This,  too,  has  been  foreseen,  and  guards* 
against;  the  ends  of  the  tendons  have  been  inserted,  not  directly  | 
into  the  sides  of  the  ventricle,  but  into  small  muscular  pillars, 
called  columncs  ccmiece,  which  we  observe  at  m m.  These  share 
in  the  general  inclination  to  contract ; and  the  more  the  sides 
approach  the  orifice,  the  more  tightly  do  the\-  pull  at  the  tendons, 
so  that  the  valve  is  never  suffered  to  quit  its  place  until  all  the 
blood  is  driven  into  the  pulmonary  artery  p.  When  this  has 
taken  place,  the  sides  relax,  the  ventricle  dilates,  the  valves  fall 
down,  and  everything  is  again  in  a state  to  be  filled  from  the 
auricle,  which  now  commences  work  in  its  tom.  The  blood  is 
now  in  the  pulmonary  artery.  This,  as  we  have  represented  it, 
opens  from  the  top  of  the  ventricle ; the  reason  is  obvious.  Fill 
a bladder  with  water,  insert  a pipe  into  its  neck,  compress  the 
bladder,  and  the  water  will  spout  to  a considerable  distance- 
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ay  run  out,  and  then  compress  it,  you  will  scarcely  drive  the 
ter  beyond  the  pipe.  Now,  this  would  be  the  condition  of  the 
utricle  if  the  artery  were  inserted  into  its  lower  part.  The 
)d  as  it  entered  would,  by  its  gravity,  descend  into  the  artery, 
ventricle,  not  filled,  would  want  its  proper  stimulus  to  con- 
act,  or,  if  it  did  contract,  could  scarcely  use  any  force  on  its 
tents.  The  artery  is,  therefore,  placed  at  top.  We  have  seen 
■ complicated  structure  of  the  valves  of  the  heart,  and  we  have 
n the  necessity  for  such  complication ; but  look  at  the  valves 
the  artery,  they  are  nothing  but  simple  folds  of  membrane ; 
they  are  quite  sufficient.  Tendons  to  strengthen  them  would 
useless,  because  the  artery  can  exert  nothing  like  the  mus- 
ar  power  of  the  heart  to  force  them ; fleshy  pillars  would  be 
less,  because  the  dilatations  and  contractions  of  the  artery  are 
slight  to  require  any  adaptation,  they  are,  therefore,  omitted. 
Nature  does  nothing  in  vain. 


Back  View  of  the  Heart. 
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The  blood,  in  the  mean  time,  has  gone  on;  the  pulmonary  ijj 
artery  soon  divides  into  branches,  c D,  one  for  each  lung,  and:  j 
these  subdivide,  in  the  substance  of  the  lung,  into  innumerable  j 
minute  twigs,  through  the  delicate  coats  of  which  the  blood  is 
aerated.  It  begins  to  collect  again  in  the  pulmonary  vein 
which  finally  uniting  into  four  trunks,  e f g II,  enter  the  1:: 
auricle  I,  filling  it  with  red,  perfect,  arterial  blood.  This  is 
discharged  by  it  into  the  left  ventricle  K,  and  from  that  through  i 
the  aorta  l,  to  supply  the  whole  body. 

The  mechanism  is  so  exactly  similar  to  what  we  find  oe  i 
the  right  side,  that  there  is  no  necessity  for  going  over  ::j  t: 
The  opening  between  the  right  auricle  and  ventricle  being  large, 
the  valve,  as  we  have  seen,  had  three  principal  divisions,  and  if  L 
called  tricuspid,  or  three-pointed ; that  in  the  left  side  being 
smaller,  the  valve  has  but  two  divisions,  and,  from  some  fandei  r, 
resemblance  to  a bishop’s  mitre,  is  called  mitral.  The  valves  of  t 
the  aorta  are  similar  to  those  of  the  pulmonary  artery ; there  L 
yet  a little  bit  of  contrivance  about  them  which  remains  to  1* 
noticed.  If  they  lay  completely  back  against  the  sides  of  th<  7 
artery,  it  is  possible  that  the  blood  might  glide  back  over  then 
smooth  surface  without  catching  in  them.  To  prevent  this 
the  aorta  is  dilated  immediately  behind  then! 
so  that  they  cannot  reach  it.  There  is,  there  i 
fore,  always  a little  space  into  which  the  blood 
when  returning,  must  flow,  and  so  shut  do«i 
the  valves,  and  put  an  end  to  the  retrogra|  - 
motion. 

The  texture  of  the  heart  generally  is  muscular,  with  tea 
dinous  or  cartilaginous  bands  around  its  four  openings,  thatB  : 
those  between  auricle  and  ventricle,  and  ventricle  and  arte"'  o 
Internally  it  is  lined  with  a smooth  membrane,  which  is  firin' 
continued  through  the  whole  course  of  both  arteries  and  veins 
and  externally  the  serous  part  of  the  pericardium  is  reflected  ore 
it,  while  the  fibrous  coat  of  the  pericardium  forms  a stron; 
covering  over  all.  The  heart  is  still  further  protected  by  tt 
bony  sides  of  the  chest,  and  the  muscles  with  which  they  ar  . 
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Jied,  so  that,  next  to  the  brain,  it  may  be  considered  the  best 
ended,  as  it  is  the  most  important  organ  in  the  body.  The 
of  the  heart  is  variable,  and  it  is  said  to  be  largest  in  those 
als  that  are  endowed  with  most  courage.  We  can  under- 
d that  the  more  freely  the  blood  is  sent  to  all  parts,  the  more 
ect  will  be  their  vitality,  and  the  greater  the  exertion  of 
ch  they  are  capable.  The  consciousness  of  increased  power, 
:s  obtained,  may  give  a greater  disposition  to  use  it ; and  thus 
al  courage  may  be  the  consequence  of  physical  organization  : 
Saucho  Panza  may  not  have  been  altogether  wrong,  when 
led  that  it  was  as  natural  for  one  man  to  be  a coward,  as 
other  to  be  subject  to  bile.  Common  modes  of  expression 
cate  the  generality  of  this  feeling ; thus  we  speak  of  a faint 
1,  a stout  heart,  lion-hearted,  &c.  We  are  not  philologists 
igh  to  decide  whether  ‘ showing  pluck’  is  to  be  referred 
*,  though  we  are  aware  that  in  Scotland  the  heart  and  lungs 
Tied  to  the  head  of  a dead  sheep  are  technically  called  ‘ the 
zic : 

Tie  cause  of  the  pulsation  of  the  heart,  felt  between  the  fifth 
sixth  ribs  at  the  left  side,  has  been  disputed.  On  opening 
nimal,  the  contractions  of  the  several  parts  of  the  heart  are 
•ed  to  take  place  in  this  order. 

t.  The  veme  cav;e  fill  the  right  auricle,  at  the  same  time  the 
on  ary  veins  fill  the  left ; 2.  Both  auricles  contract,  and  fill 
ventricles;  3.  Both  ventricles  contract,  and  fill,  the  right 
ulmonary  artery,  and  the  left  the  aorta;  4.  The  arteries 
n the  blood. 

ow  the  first  and  third  of  these  actions  happen  together,  as 
Iso  the  second  and  fourth,  and  it  is  chiefly  by  the  third  that 
A troke  of  the  heart  seems  produced.  If  you  inject  water  into 
•-ved  flexible  tube,  a h,  the  first  effect  of  the  current  will  be 
straighten  the  tube  to  a //,  from  the  extremity  of  which  it 
'Ibe  discharged.  But  if  1>  be  made  a fixed  point,  and  in  place 
4 pyrin;?0  a moveable  ventricle  be  attached  to  the  tube,  it  is 
■ |:nt  that  the  attempt  at  straightening  the  tube  must  all  be 
ll-'d  on  v,  which,  therefore,  will  be  thrown  up  towards  ?/,  and 
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striking  against  anything  that  opposes  its  progress,  as  in  1 1 
present  case  against  the  interval  between  the  fifth  and  sixth  rii 
would  cause  a sensible  pulsation.  The  impulse  or  heat  of  t| 
heart  against  the  chest  is  probably  due  to  the  peculiar  cont 
tion  of  the  ventricles.  The  muscular  fibres  are  here  arranged  | 
a spiral  form  running  from  the  base  of  the  heart,  which,  as 
he  seen  in  the  figure,  is  fixed  by  the  large  vessels  springil 
from  it,  to  the  apex  which  is  free.  These  fibres  in  cont 
would  give  to  the  apex  a spiral  movement  from  right  to  left, ; 
from  before  backwards,  causing  it  to  strike  each  time  against  i| 
walls  of  the  chest. 

If  we  apply  our  ear  to  the  side  of  a living  person,  and 
to  the  action  of  the  heart,  we  hear  two  sounds:  first,  a 
sound,  lasting  nearly  half  a second,  then  a short  sharp  sou 
followed  by  a pause  or  state  of  rest;  after  which,  the  sou 
begin  again.  The  first  sound  coincides  with  the  contraction 
the  ventricles,  as  well  as  with  the  impulse;  the  second  son 
occurs  just  when  the  ventricles  have  ceased  to  contract.  Gr 
attention  has  been  paid  to  the  causes  of  these  sounds,  and  mil 
light  thrown  on  the  subject  of  late  years.  The  first  sound  is  si 
to  he  caused  partly  by  the  stroke  of  the  heart  against  the  ch<| 
because,  if  this  stroke  is  prevented  from  taking  place,  sayl 
cutting  away  a part  of  the  chest  in  a living  animal,  the  sou 
loses  a great  deal  of  its  force ; partly  also,  perhaps,  it  is  cat 
by  the  valves  between  the  auricles  and  ventricles  being  clo 
when  the  ventricles  contract,  for,  if  these  valves  are  diseased  ; 
prevented  from  closing  completely,  the  first  sound  becoij 
altered. 
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The  second  sound  is  due  to  the  sudden  closure  of  the  valves 
laced  at  the  commencement  of  the  arteries.  When  the  ventri- 
es  contract,  they  force  a large  amount  of  blood  into  the  arteries, 
hich  become  distended;  then  the  elasticity  of  these  vessels 
ecoils  upon  the  blood,  the  valves  are  closed  suddenly,  and 
■egurgitation  into  the  heart  being  prevented,  the  whole  of  the 
OTce  tends  to  propel  the  blood  towards  the  extremities.  If  this 
k the  case,  any  disease  which  affects  these  valves  and  prevents 
mem  from  acting  properly,  should  alter  or  destroy  this  sound, 
id  such  is  the  case. 

The  reader  will  perceive  the  importance  of  being  acquainted 
uth  the  natural  sounds ; the  readiness  with  which,  by  the  ear 
:one,  or  by  the  stethoscope,  we  are  then  enabled  to  detect  any 
tsease  affecting  the  valvular  structure  of  the  heart. 

The  heart  is  elastic  as  well  as  contractile,  and  owes  this  pro- 
orty  to  a quantity  of  cellular  membrane,  with  which  its  muscu- 
t fibres  are  enveloped.  The  opening  out  of  its  cavities, 
« ere  fore,  is  to  be  considered  as  much  its  proper  action  as  their 
infraction.  It  is  not  that  they  merely  dilate  by  the  blood 
»ured  into  them;  they  open  to  receive  the  blood,  and  the 
»ction-power  thus  exerted,  has  been  much  insisted  on  by 
s,  Barry  and  Carson,  amongst  the  causes  of  the  motion  of  the 
nod  in  the  veins.  How  far  they  are  right,  we  shall  consider 
erwards ; the  fact  can  be  demonstrated  by  taking  out  the 
art  of  a fish,  emptying  it  of  all  blood,  and  laying  it  on  a table, 
iiere  it  will  be  observed  to  contract  and  dilate  itself  regularly, 
en  for  some  hours. 

The  arteries  come  next  to  be  considered,  and  the  share  which 
7 take  in  propelling  the  blood.  When  examined  after  death, 
7 are  found  to  consist  of,  first,  an  outer  coat  of  strong  elastic 
nee ; second,  a middle  coat  of  a yellowish  colour,  showing 
U-marked  circular  fibres,  by  which  alone  it  seems  to'  differ 
m the  yellow  elastic  ligament,  which  we  before  mentioned  as 
•d  to  support  the  head  in  the  horse,  cow,  &c. ; and  third,  an 
er  coat  of  smooth  lining  membrane.  This  last  is  the  most 
•rtant,  as  it  is  found  to  exist  in  every  kind  of  vessel ; it  is. 
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therefore,  called  the  proper  vascular  tissue.  The  middle  is  pecu 
liar  to  arteries,  and  the  question,  whether  its  fibres  are,  or  ar 
not,  muscular,  has  been  the  cause  of  one  of  the  longest  am 
most  violent  of  physiological  disputes.  Yet,  like  many  cthe 
disputes,  the  difference  is  rather  about  names  than  facts.  If  w 
compare  these  circular  fibres  with  the  fibres  of  the  voluntary 
muscles,  they  most  certainly  are  not  the  same.  They  differ  i 
appearance,  in  taste,  in  chemical  composition,  in  mode  of  actioi 
in  the  effects  consequent  on  the  application  of  certain  stimul 
But  though  they  are  not  moved  to  act  in  the  same  way  as  th 
fibres  of  the  voluntary  muscles,  yet  they  as  certainly  contrac 
and  dilate  in  a manner  more  suited  to  the  parts  they  belong  t< 
and  these  motions  of  contraction  and  dilatation  are  under  th 
direction  of  a vital  principle.  Hunter  endeavoured  to  prove  thi 
directly,  by  experiment.  An  animal  was  bled  to  death,  by  whic 
the  arteries  are  brought  into  their  greatest  state  of  contractioi 
the  artery  always  endeavouring  to  embrace  firmly  its  diminishe 
contents.  A portion,  A b,  of  such  an  artery  was  taken,  slit  open! 


as  we  see  at  c d,  and  weights  w w'  w"  appended.  A 'hen  the; 
had  stretched  it  as  far  as  x x' , they  were  removed,  and  the  artei 
again  contracted,  not  to  its  original  dimensions,  but  only  as  fi 
as  o o'.  On  this  experiment  he  argued  thus.  Two  powers  pr< 


* Muscles  under  the  immediate  direction  of  the  will, — which  we  can  at  a 
time  call  into  action,  or  cause  to  cease  from  aciion  ; — such  arc  the  muscles  ot  I 
arm,  leg,  &c., — wo  may  say  generally  all  muscles,  except  those  of  the  heart  a 
iutestinal  canal. 
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uced  the  full  contraction  of  the  artery  a B;  the  one  elasticity, 
vhich  we  lenow  to  be  possessed  by  dead  matter;  the  other  vital 
•ontractility,  which  belongs  only  to  living.  Now  when  the 
tery  was  cut  out  of  the  auimal,  this  latter  power  was  destroyed ; 
onsequently,  when  extended  to  x x' , and  the  weights  removed, 
did  not  retract  to  its  original  dimensions  c D.  The  elasticity 
hortened  it  from  x to  o,  but  the  vital  contractility  was  gone, 
-hich  should  have  taken  it  from  o to  d.  d o,  therefore,  might 
1 some  measure  represent  the  extent  of  the  vital  contractility, 
nd  o x of  tire  elasticity.  But  vital  contractility  exists  in  no 
art  of  the  body  that  we  are  acquainted  with  except  the  muscles ; 
arefore  these  circular  fibres  of  the  middle  coat  of  the  artery 
ust  be  muscular. 

We  do  not  propose  leading  our  readers  into  the  endless 
•guments  adduced  on  each  side.  They  will  perceive  that  the 
o parties  have  forgot  to  decide  what  should  constitute  a 
uscle,  and  thus,  each  taking  different  standards,  have  succeeded 
proving  their  own  opinions  without  disproving  those  of  their 
Uversaries.  We  shall,  therefore,  avoid  using  the  term  muscular, 
••  applied  to  this  coat,  and  shall  term  it,  from  its  appearance, 
e yellow  fibrous  coat,  or  perhaps  the  contractile  coat,  and 
all  mention  a few  facts  to  justify  its  claim  to  this  latter  name, 
may  be  well  to  say  that  we  use  the  term  contractility,  to 
press  a quality  of  living  bodies,  in  contradistinction  from 
isticity,  which  they  possess  in  common  with  dead  matter.  Dr. 
tv,  having  exactly  ascertained  the  circumference  of  an  artery 
an  animal,  killed  the  animal,  and  again  measured  the  artery, 
r an  interval  of  several  hours  he  repeated  the  measurement, 
found,  as  the  invariable  result  of  many  experiments  of  this 
rd,  that  immediately  after  death  the  artery  was  contracted ; 
't  on  the  third  examination  had  increased  again.  Now  the 
ery  does  not  die  exactly  at  the  same  moment  as  the  animal, 
tt,  continuing  for  a little  time  to  act,  discharges  all  the  blood 
it  into  it  by  the  last  contraction  of  the  heart.  On  this  account 
*'  artery  is  always  found  empty  after  death,  and  its  contraction 
evidently  the  result  ot  a vital  power.  But  after  some  hours 
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the  artery  is  dead  as  well  as  the  rest  of  the  body,  and  then  he 
always  found  it  relaxed.  This  is  a clear  proof  that  the  artery 
possesses  a vital  contractility,  and  not  merely  an  elasticity. 

Every  surgeon  knows  that  when  he  has  opened  a f inal' 
artery,  the  readiest  way  to  stop  its  bleeding  is  to  cut  it  through,  j 
The  artery  contracts  so  readily  and  strongly,  as  often  to  arrest 
the  jet  of  blood  at  once. 

If  we  make  the  stimulus  more  powerful  than  a simple  cut,  i- 
will  produce  a contraction  sufficiently  strong  to  stop  the  flow  o: 
blood,  even  from  very  large  vessels.  M.  Amussat,  a Frencl 
surgeon,  has,  in  several  operations,  arrested  the  bleeding  by 
catching  the  end  of  the  artery  in  a pincers,  and  giving  it  a twist 
The  fibrous  coat  has  contracted  so  powerfully  as  to  shut  up  the 
mouth  of  the  vessel.  It  was  not  the  mere  twist  did  this,  for  i 
you  twist  a dead  artery,  and  then  with  a syringe  inject  into  it 
even  very  gently,  some  water,  you  will  perceive  it  undo  the  twi 
and  flow  from  the  open  mouth  of  the  vessel. 

Arteries,  when  exposed  in  operation,  have  contracted  befon 
the  operator  had  touched  them  with  his  knife.  The  testimonie 
of  this  are  so  numerous  and  respectable  that  it  is  impossible  t< 
doubt  it. 

The  microscope  has  solved  the  question  of  the  contractility  oi 
elasticity  of  the  middle  coat  of  the  arteries  in  favour  of  boti 
parties,  for  both  properties  are  found  to  exist.  We  find  cireula 
muscular  fibres,  of  the  kind  called  unstriped,  which  are  no 
under  the  control  of  the  will ; and  we  find  also  yellow  clasii 
fibres  disposed  both  circularly  and  longitudinally.  Themuscula 
fibres,  it  may  be  mentioned,  are  met  with  in  largest  quantity 
the  small  arteries,  where  the  power  of  the  heart  upon  the  bli 
has  become  much  diminished;  the  elastic  fibres  in  the  larcji 
vessels,  which  have  to  yield  to  the  large  quantity  of  blood  su 
denly  sent  into  them  by  the  heart  each  time  it  contracts. 

We  may,  therefore,  fairly  conclude  that  arteries  are  endo 
with  a peculiar  vital  power  of  contracting  on  their  contents,  anc  | 
that  such  power  belongs  to  the  central  fibrous  coat  is  evident , 
from  its  being  comparatively  deficient  in  the  veins,  where  thi 
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| ; oat  is  scarcely  to  be  found.  Thus  they  are  possessed  of  one 
■ uality,  which  we  have  also  seen  in  the  heart ; its  other  power, 
hat  of  active  dilatation,  seems  equally  to  belong  to  them.  The 
teries  of  the  cheek  enlarge  under  the  feeling  of  shame  or 
tiodesty,  and,  according  to  the  measure  of  their  increase,  we 
eave  the  gentle  suffusion,  or  the  burning  crimson  glow.  If 
increased  action  be  going  on  in  any  part,  or  a copious  supply  of 
l lood  be  required  for  a sudden  growth,  the  arteries  supplying  the 
nrt  enlarge  themselves,  and  furnish  in  abundance  the  nutritive 
lid. 

The  growth  of  the  stag’s  horn  is  a beautiful  example  of  this 
gad.  The  stag  usually  sheds  his  horns  in  spring;  the  place 
:im  which  they  had  fallen  is  soon  covered  over  with  a thin  skin, 
d the  first  sign  of  the  new  antler  is  a little  tubercle  rising  up 
this  place  like  a bud,  and  covered  with  a fine,  soft,  velvety 
in.  In  this  skin  run  the  vessels  that  are  to  form  the  future 
| tier,  and  they  penetrate,  in  great  numbers,  the  little  tuber- 
nous  swelling,  which  is  still  soft,  and  like  gristle.  It  grows 
'th  remarkable  rapidity,  still  covered  by  the  skin,  and  the 
els  deposit  in  it  white  bony  matter,  until  the  whole  is  quite 
and  full-grown.  The  next  step  is  to  rid  it  of  its  soft  and 
sensible  covering,  which,  as  long  as  it  remained,  would 
apletely  unfit  it  for  the  uses  to  which  it  is  to  be  applied.  And 
[ s is  said  to  be  performed  by  a very  beautiful  contrivance, 
-iced  by  Mr.  Hunter,  and  his  original  preparation  to  explain 
ich  is  still  in  the  Museum  that  bears  his  name.  Around  the 
| tom  of  the  antler,  where  it  springs  from  the  skull,  is  observed 
urr,  or  bony  rim,  which  surrounds  the  vessels  as  they  pass  up. 
liis,  growing  along  with  the  rest  of  the  part,  becomes,  by 
rees,  so  firm  and  dense,  that  it  presses  on  the  vessels  supply- 
the  soft  velvety  integument,  which,  thus  deprived  of  its 
”ply  of  blood,  withers,  dies,  remains  for  a short  time  in  a 
Iged  state  attached  to  the  antlers,  and  is  finally  got  rid  of  by 
•bing  against  the  trees.  At  the  same  time,  the  carotid  arteries, 
ta  which  these  vessels  sprung,  resume  their  original  size. 


ring  been  much  enlarged  during  the 


continuance  of  this 
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process,  a process,  as  Blumenbach  observes,  exhibiting,  in 
striking  manner,  the  rapidity  with  which  growth  can  take  plai 
in  warm-blooded  animals,  as  a horn  of  a stag,  which  mav  weig 
a quarter  of  a hundredweight,  is  thus  completely  formed  in  tc 
weeks. 

We  thus  see  arteries  endowed  with  the  two  powers  we  har 
noticed  as  existing  in  the  heart ; a power  of  dilating  and  a pow 
of  contracting.  These  powers  are  only  similar  in  kind : they  all 
by  no  means  equal  in  degree.  As  to  the  effect  of  ordinal 
stimuli,  also,  it  is  doubtful  how  far  either  heart  or  arteries 
sensible  to  it.  Harvey  mentions  that  a jToung  nobleman  had 
side  of  his  chest  laid  open,  in  consequence  of  a large  abscess, 
that  the  heart  plainly  appeared  within  the  opening.  By  i 
commands  of  the  king,  Harvey  examined  this  case,  and  foui  j 
that  the  heart  might  be  touched  or  handled  without  causing 
least  sensation  to  the  young  man ; in  fact,  so  completely  ins 
sible  was  it,  that  when  he  shut  his  eyes,  he  could  not 
whether  it  was  touched  or  not.  How  though  in  many 
the  arteries,  on  being  mechanically  irritated,  have  contract 
and  this  result  occurred  in  fifteen  out  of  twenty  experimer 
made  by  Yerschuir;  yet  other  persons  have  been  by  no  means 
successful,  and  have  stated  to  us  that  they  could  often  percei 
no  difference  at  all,  and  at  other  times  an  absolute  dilatatii 
Nor  is  this  to  be  wondered  at.  The  heart  and  arteries  ri 
their  nerves  from  a far  different  source  than  that  which  sup; 
the  voluntary  muscles.  Their  mode  of  perception  is,  therefc 
different,  and  requires  to  be  excited  by  proper  and  pee 
stimuli.  The  sensibility  of  each  paid  is  suited  to  the  functii 
has  to  perform,  and  the  danger  against  which  it  is  to 
Now  the  voluntary  muscles  are  for  moving  the  body,  and  th 
are  excited  to  action  by  mechanical  stimuli,  such  as  prickii 
wounding,  &c.,  because  it  is  useful,  that  on  the  application 
such  they  should  immediately  contract,  to  remove  the  body  fit 
the  influence  of  those  agents,  which,  if  continued,  would 
injurious.  But  this  kind  of  sensibility  is  much  mom  obscure 
the  heart  and  arteries,  because,  before  such  agents  could  re. 
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em,  the  skin  and  muscles  must  first  have  been  penetrated,  and 
sufficient  notice  given  to  withdraw.  The  proper  and  peculiar 
[iimulus  of  these  parts,  then,  is  the  blood,  with  the  sensation  of 
peing  full,  as  their  proper  office  is,  under  such  circumstances,  to 
i .act  and  impel  forward  the  vital  current. 

It  is  an  equally  wise  and  prudent  provision,  that  parts,  the 
1 instant  and  uninterrupted  action  of  which  is  necessary  to  life, 
I iould  have  been  withdrawn  from  the  immediate  direction  of  the 
11 ; else  would  a slight  inattention  or  forgetfulness  be  attended 
death,  and  sleep,  so  necessary  to  the  refreshment  of  our  powers, 
aiuld  be  certainly  fatal.  But  now,  requiring  nothing  from  our 
ethought  or  watchfulness,  supplied  constantly  with  its  appro- 
bate stimulus,  this  system  continues  to  act  night  and  day, 
uen  we  sleep  and  when  we  wake,  often  for  a long  succession 
years  without  let  or  hinderance,  so  that  we  are  at.  a loss 
ether  most  to  admire  the  infinite  wisdom  which  could  devise 
mirable  a machinery,  or  bless  the  infinite  goodness  that 
:id  make  it  to  us  the  source  of  so  many  blessings,  of  health,  of 
gth,  of  life.  ‘ Eunt  homines,’  says  St.  Austin,  * mirari  alta 
mtium,  ingentes  fluctus  maris,  altissimos  lapsus  fluminum, 

J nni  ambitum,  et  gyros  siderum; — seipsos  relinquunt  nec 
.antur.’ 

i iM  ^'Though  the  circulating  system  is  thus  free  from  the  general 
i rt)  r ction  of  the  will,  yet  it  is  well  known  to  share  in  every  powerful 
i -dj  | Hidden  emotion.  Joy  will  send  the  blood  in  gushing  current  to. 
•j Urn  cheek,  or  chilling  fear  will  cause  its  revulsion  to  the  heart,, 

1 yf  luh  no  longer  beats  with  sufficient  force  to  drive  it  out  to  tho 
fo'  Iwmities.  Its  throbs  can  no  longer  be  felt,  it  seems  to  retire 
i"  into  the  breast,  whence  we  speak  of  the  ‘sinking  of  the 
■•’ft,’  or  ‘ the  heart  dying  away  within  us,’  as  expressive  of  the 
its  of  fear. 

e propulsion  of  blood  into  the  arteries  by  the  heart,  is  the 
[a  of  the  phenomenon  which  we  call  the  pulse.  This  is  duo 
e wave  of  blood  caused  by  each  successive  contraction  of  the 
icles,  and  can  be  felt  distinctly  even  in  the  smallest  arteries; 
®uumber  of  pulsations  in  the  artery  corresponding  exactly  to 
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the  number  of  beats  of  the  heart.  The  offices  of  the  arteries,  v 
may  say,  are  first,  as  tubes  to  convey  and  distribute  the  blood ' 
the  various  parts  of  the  body ; secondly,  being  elastic,  to  asri 
by  this  property  in  the  propulsion  of  the  blood,  rendering  t: 
stream  uniform,  though  the  action  of  the  heart  is  intermitting 
and  thirdly,  being  contractile,  they  serve  to  determine  the  bloc 
to  different  organs  of  the  body  according  to  the  special  requii 
ments  of  each  at  the  time,  and  to  adapt  the  vessels  to  the  amou 
of  blood  contained  within  them. 

Placed  between  the  termination  of  the  arteries  and  the  coi 
mencement  of  the  veins  we  find  a net-work  of  fine  vessels  call 
the  capillaries.  These  are  extremely  delicate  tubes,  having  ve 
thin  walls,  without  any  definite  structure.  By  their  diflusion,  t 
capillaries  bring  the  blood  into  very  close  relation  with  t|j 
tissues  to  be  nourished,  the  more  active  the  functions  of  a paH 
the  greater  being  the  number  of  the  capillaries  there  distribute 
by  the  thinness  of  their  walls,  too,  a very  ready  passage  B 
allowed  for  the  nutritive  matter  to  get  out,  or,  where  neeessa» 
for  external  matters  to  get  in. 

Prom  the  capillaries  the  blood  passes  into  the  veins,  whil 
cany  back  to  the  heart  the  blood  sent  from  it.  The  coats  of  iff 
veins  are  much  the  same  as  those  of  the  arteries,  but  much  IB 
developed,  much  thinner.  This  applies  especially  to  the  midi! 
coat,  in  which  we  find  scarcely  auy  muscular  fibres,  and 
a very  great  many  elastic.  The  internal  coat  is  the  smoi  I 
lining  membrane  which,  as  we  have  said,  is  the  essential  pari 
the  whole  vascular  system,  and  in  these  we  find  it  constan 
thrown  up  in  folds  forming  valves,  sometimes  single,  someth 
two  or  three  together,  but  invariably  opening  towards  the  ha 
and  suffering  the  blood  to  move  only  in  that  direction. 

The  contraction  of  the  heait  is  evidently  the  first  of 
causes  that  move  the  blood,  and  for  some  time  it  was  conside 
as  the  only  cause.  In  consequence  of  this,  attempts  were  m 
to  calculate  the  force  with  which  it  must  contract  to  overcome 
the  effects  of  friction,  angular  turns,  gravity,  &C. : many  res' 
were  obtained  which,  by  their  extraordinary  discrepancy,  sho’ 
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iat  some  gross  error  must  have  pervaded  the  reasonings  em- 
:oyed. 

Borelli,  proceeding  on  the  supposition  that  the  power  of  a 
uscle  is  in  proportion  to  its  weight,  estimated  the  force  of  the 
-art  at  i8o,ooolbs.  Keill,  considering  this  as  very  extravagant, 
opted  a different  line  of  argument,  and,  partly  by  experiment, 
i rtly  by  assumption,  and  partly  by  reasoning,  reduced  the 
wer  of  the  heart  to  about  live  ounces  and  a half ! Hales’s 
iriments  are  by  far  the  most  accurate  made  on  the  subject, 
inserted  tubes  into  the  arteries  of  living  animals  close  to  the 
, and  observed  the  blood  to  rise  in  them  to  the  height  of 
iut  ten  feet  above  the  level  of  the  heart,  and  then  to  continue 
and  falling  a few  inches  at  each  pulsation.  Now  Dr. 
mott  explains  that  a tube  an  inch  square,  and  about  two  feet 
~h,  will  contain  a pound  of  water,  and  its  base  will  sustain  this 
ssure;  therefore  the  pressure  of  blood  standing  at  the  height 
tten  feet  will  be  (10  divided  by  2 or)  five  pounds  on  the  square 
ih,  or  even  a little  more,  seeing  that  blood  is  of  a greater 
cific  gravity  than  water.  But  the  surface  of  the  left  ventricle 
ihe  heart  is  about  fifteen  square  inches,  on  each  of  which  this 
ussure  of  five  pounds  would  be  exerted;  on  this  calculation, 
wefore,  the  total  force  exerted  by  the  left  ventricle,  at  each 
fitraction,  is  able  to  overcome  a resistance  of  more  than  seventy- 
pounds,  as  is  seen  by  the  blood  rising  in  the  tube.* 

I Men,  however,  soon  perceived  that  the  heart  was  not  alone  in 
■ ntaining  the  circulation.  Worms  have  no  heart,  and  in 
* the  blood  is  moved  by  the  vessels,  assisted  probably  by  the 


\V  e have  not  exactly  given  Hales’s  calculation  here,  but  rather  an  outline  of 
irinciple.  He  supposes  that  had  his  pipes  been  inserted  in  the  human 
y,  the  blood  would  not  have  risen  so  high,  in  consequence  of  which  ho  makes 
[*•  diminution,  and  concludes  the  power  of  the  left  ventriclo  to  bo  about  fitly. 
«nd  a half  pounds.  IV  e may  mention  that  even  this  estimate,  moderate  as  it 
•comparison  with  that  of  Borelli,  is  now  considered  too  high.  According  to 
jmtin,  a deservedly  celebrated  physiologist,  the  force  with  which  the  left  ven- 
|V  would  contract  is  equal  to  about  one-fiftieth  the  weight  of  the  body,  that  of 
tight  being  only  about  half  as  much  ; the  difference  resulting,  of  course,  from 
difference  in  the  thickness  of  the  walls  of  the  two  ventricles.  If  this  be  cor- 
I then,  in  a person  weighing  10  stone  lOlbs.,  the  force  of  the  left  sirle  of  the 
would  be  about  three  pounds,  that  of  the  right  side  about  a pound  ancl  a 
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general  muscular  contractions.  There  is  no  heart  in  insects,  ye 
it  appears,  from  late  discoveries,  highly  probable  that  they  ma 
have  a circulation.  Some  facts,  tending  to  support  this  opinio: 
had  been  put  forward  by  Professor  Carus,  but  lately  a complel 
description  of  the  whole  process  has  been  given  by  Mr.  Bowes 
bank  in  the  third  number  of  the  Entomological  ^Magazine.  Tk 
fact  was  announced,  we  believe,  on  the  same  authority,  in  tl 
supplemental  matter  of  Griffiths’s  edition  of  the  Eigne  Anim-aM 
Other  facts,  tending  to  show  the  influence  of  the  vessels  on  tlM 
circulation,  independently  of  the  heart,  have  also  been  addueetM 
If  you  tie  an  artery,  the  part  of  it  beyond  the  ligature  emptill: 
itself  by  its  own  action  and  that  of  the  capillaries,  evident  U 
without  any  assistance  from  the  heart.  Monstrous  children  havtt 
been  bom  without  a heart,  yet  evincing,  by  then-  growth,  thJI 
circulation  had  gone  on  tolerably  well.  Dr.  Wilson  Philip  on  it 
saw  the  blood  moving  through  the  capillaries  of  a rabbit  tor  ; ti 
hour  and  a half  after  he  had  cut  out  its  heart.  Mr.  Allan  Bun 
mentions  a singular  case,  in  which  both  the  ventricles  were  con 
pletely  converted  into  bone,  so  as  to  be  quite  incapable  of  coi 
tracting,  yet  the  circulation  was  maintained  without  much  i: 
convenience,  as  long  as  the  patient  was  in  a state  of  tranquillity 
The  arteries  going  to  a diseased  part,  also  increase  in  size,  ar 
it  is  even  said  in  rapidity  of  pulsation.  Eicherand  says,  th 
the  radial  artery  going  to  a hand  on  which  was  a whitlow,  be 
twenty  or  thirty  in  a minute  more  than  the  similar  artery  supph 
ing  the  other  hand.  From  such  facts  as  these  Sir  Charles  Bell  w; 
induced,  in  a little  work  which  he  wrote  expressly  on  the  sul 
ject  of  the  powers  that  move  the  blood,  to  dimmish  very  muc 
the  estimate  usually  formed  of  the  value  of  the  heart’s  actio 


* This  argument,  taken  from  a diseased  state,  cannot,  however,  be  silow 
much  weight.  The  auricles  were  considerably  enlarged  and  strengthened,  so 
to  be  enabled  to  perform  the  office  of  the  ventricles ; besides,  we  frequently  s 
the  sides  of  the  arteries  rendered  hard  and  bony  for  a good  length,  without  t 
circulation  being  impeded  by  tlicir  loss  of  contractility.  The  danger  in  sul 
cases  is,  that  the  artery,  becoming  brittle,  shall  be  raptured  by  the  force  df  t 
heart.  It  is  evident  that  if  the  circulation  be  carried  on  without  much  assistar 
from  the  heart  in  one  of  these  eases,  it  has  equally  little  from  the  arteries  in  t 
other. 
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hieh  he  considers  more  intimately  allied  to  the  respiratory 
rgans,  and  only  exercising  a general  regulating  power  over  the 
insulation  of  the  body. 

In  estimating  the  propelling  force  exercised  by  the  arteries, 
re  must  bear  in  mind  that  they  possess  both  elasticity  and 
ntractility.  The  elasticity  is  met  with  principally  in  the 
rge  arteries  near  the  heart;  these  vessels  yield  when  the 
ood  is  sent  into  them  by  the  contraction  of  that  organ ; 
en  the  elasticity  comes  into  play,  and  tends  to  press  out  the 
ood ; but  the  blood  cannot  be  pressed  back  towards  the  heart, 
■cause  the  valves  placed  there  are  immediately  closed,  so  the 
ole  of  the  elastic  force  propels  the  blood  in  the  opposite 
rection  towards  the  capillaries.  The  contractility,  on  the 
'her  hand,  is  found  principally  in  the  smaller  arteries,  those 
pplying  particular  parts  of  the  body.  This  power  would  be 
especial  use  in  regulating  the  size  of  these  vessels,  and  so 
termining  the  blood  at  one  time  to  one  part,  at  another  time 
another  part,  according  to  the  amount  of  blood  which  may 
required  at  the  time  in  the  particular  organ.  The  beneficial 
L rpose  of  this  arrangement  is  evident ; the  stomach,  say,  is 
upty,  it  has  nothing  to  do,  it  requires  but  little  blood,  the 
els  going  to  it  contract,  are  reduced  to  a very  small  size ; 
n afterwards  we  take  a full  meal,  the  stomach  has  now  to 
crete  the  gastric  juice,  to  act  upon  the  food,  to  move  it  about ; 
requires  a large  supply  of  blood  for  this  purpose;  the  arteries 
g to  that  part  dilate,  and  admit,  of  course,  of  the  passage  of 
increased  amount  of  the  nutrient  iluid. 

The  passage  of  the  blood  along  the  arteries  is  facilitated  by 
e increased  area  which  the  branches  have  over  the  main 
nk.  That  the  channel  widens,  is  not,  at  first  sight,  so 
dent;  for  wc  know  that  the  aorta,  as  it  passes  along,  divides 
<o  branches,  these  again  into  smaller  branches,  and  so  on ; 
± what  we  mean  is,  that  the  capacity  of  all  these  branches 
-en  together,  is,  for  any  given  space,  greater  than  that  of 
■ trunk  from  which  they  were  derived.  Thus,  that  the  sec- 
of  the  two  branches  at  a is  greater  than  that  of  the  trunk 
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at  a,  and  that  the  section  of  j 
four  branches  at  d,  again  exce 
that  of  the  two  at  a.  This  i| 
sometimes  expressed  by  sayii 
that  the  arterial  system  is 
presented  by  a cone,  the  poii 
of  which  is  at  the  heart,  am 
its  base  at  the  surface  of  th 
body.  A more  accurate  repre 
sentation  as  to  form  will  b . 
had,  by  considering  it  as  a tret 
which  is  rooted  in  the  heart ; th 
trunk  is  the  aorta,  and  the  bough: 
branches,  twigs,  and  leaf-stalks  will  be  represented  by  the  divi 
sions  and  subdivisions  of  the  vessels  to  their  minutest  ramifies 
tions.  Now,  as  the  section  of  the  head  of  a tree  at  any  plac 
would  show  a more  extended  surface  than  a section  of  th  ; 
trunk,  so  a section  of  the  smaller  arterial  tubes  will  sho- 
an  increased  capacity  as  compared  with  the  aorta : such.  : 
least,  was  the  result  of  John  Hunter’s  experiments  on  th 
subject. 

The  motion  of  the  blood  being  facilitated  and  continued  b | 
these  means,  it  arrives  at  the  capillaries  almost  with  the  fore  j 
it  had  when  leaving  the  heart.  "Were  the  capillaries,  therefor 
open  tubes,  this  would  be  sufficient  to  carry  the  blood  throng 
them,  and  return  it  by  the  veins  to  the  heart,  without  an 
further  assistance.  But  this  is  not  the  sole  object,  mitritio 
and  secretion  are  to  be  performed;  these  take  place  throe 
the  capillaries,  they  are  vital  actions ; therefore  the  capillari* 
are  endowed  with  vital  powers.  In  consequence,  they  are  ah' 
either  to  close  themselves  against  the  arterial  current,  or  t 
dilate,  so  as  to  receive  a greater  share,  or  to  delay  the  blood  i 
their  channels,  or,  finally,  to  return  it  by  the  veins.  Undoubi 
cdly  an  action  is  exerted  upon  the  blood  in  its  passage  throng 
the  capillaries ; if  we  examine  an  organ  actively  at  work,  tt 
stomach  for  instance,  during  digestion,  we  find  the  capillari* 
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large  and  turgid  with  blood  which  flows  through  them  freely : 
on  the  other  hand,  when  digestion  is  not  going  on,  the  capillaries 
are  diminished  in  size,  and  are,  comparatively,  empty  of  blood, 
which,  if  the  action  of  the  part  is  much  impeded,  has  a tendency 
to  stagnate.  Whether,  however,  much  power  is  exercised  by 
the  capillaries  themselves  is  doubtful ; we  find  their  walls,  as 
we  have  said,  devoid  of  any  obvious  elastic  or  contractile  ma- 
terials, consequently  they  can  possess  little  or  no  elasticity  or 
contractility.  The  determination  of  blood  to  the  part  is  effected, 
i we  have  stated,  by  means  of  the  smaller  arteries ; whilst  it 
probable  that  the  influence  on  the  blood  in  the  capillaries 
ould  be  the  result  of  an  affinity  or  attraction  between  the 
riutely  divided  blood  and  the  elements  of  the  tissues  it  is 
then  traversing. 

Formerly  it  was  supposed  that  secretion  and  nutrition  were 
used  by  the  capillaries  ; this  is  not  the  case : there  is  nothing 
n the  thin  homogeneous  walls  of  the  capillaries  which  could 
parate  from  the  blood  in  one  place  gastric  juice,  in  another 
pile,  in  a third  saliva.  This  action  is  effected  by  the  closed 
ells  of  the  different  glands,  which  are  endowed  with  this 
:wer  of  selection  from  the  blood  of  the  materials  necessary  for 
he  required  secretion.  So,  too,  in  the  nutrition  of  a part,  it  is 
*o  doubt  the  elementary  or  cell  tissue  of  the  part  which  selects 
rom  the  blood,  brought  into  near  relations  with  it,  such  matters 
J-s  are  necessary  for  its  growth  or  reparation.  Now  if  this  be 
e case,  it  is  not  difficult  to  imagine  that  a sort  of  attraction 
■’ould  be  exercised  by  these  parts  upon  the  blood,  which  would 
e increased  when  the  action  was  going  on,  diminished  or  lost 
•■'hen  the  action  was  suspended  or  arrested. 

The  arteries  continue  to  live  for  a short  time  after  the  life 
If  the  body  has  ceased ; their  contractility  is  exerted  upon  the 
flood  contained  in  them,  which  is  forced  through  the  capillaries 
->  be  collected  in  the  veins  and  at  the  right  side  of  the  heart. 

er  a time  the  arteries  die  too,  their  contractility  ceases,  and 
ley  again  expand ; the  blood,  however,  cannot  be  drawn  back 
ito  them,  for  it  is  set  or  coagulated ; but  various  gases  con- 
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tained  in  the  blood,  or  generated  bj  putrefaction,  are  drawn  in 
by  the  kind  of  suction  force  so  exerted,  and  accordingly  we 
find,  on  examining  a body  a little  time  after  death,  the  arteri 
empty  of  blood,  and  containing  only  a little  gas  or  air.  It  was 
this  that  for  so  many  years  prevented  men  from  discovering  the 
circulation ; for  finding  these  vessels  empty  in  the  dead  subje 
they  concluded  them  to  be  equally  so  in  the  living,  and  accord- 
ingly made  them  vehicles  for  ‘ animal  spirits,’  and  other  subtil 
and  powerful  agents,  which  never  had  existence,  save  in  ti 
brains  of  their  inventors;  and  so  they  termed  these  vesi 
arteries,  or  air-tubes,  a name  which  they  retain  to  this  day. 
There  are  some  instances,  however,  in  which  the  death  being, 
instantaneous,  as  from  lightning,  the  arteries  lose  all  vital 
power  at  the  same  time  as  the  rest  of  the  body,  and,  in  such 
cases,  they  are  found  filled  with  a fluid  blood.  The  same  is  said 
to  occur  in  deaths  from  the  action  of  certain  poisons,  inducing  - 
general  relaxation  of  the  muscular  system  ; and  this  has  been 
adduced  as  a further  proof  of  the  similarity  of  the  fibrous  coati 
of  the  arteries  to  muscular  substance. 

The  blood  has  now  reached  the  veins,  and,  as  we  have  seen,  j 
with  a force  not  much  diminished  from  that  with  which  it  set 
out.  Its  impetuous  gush,  however,  is  modified  into  a more 
equable,  gentle  flow,  but  still,  as  it  appears,  sufficiently  strong 
to  convey  it  back  to  the  heart.  This  is  necessary,  as  the  veins,!; 
possessing  no  quality  but  simple  elasticity,  are  unable  to  add 
anything  to  the  impulse.  Their  valves,  however,  afford 
mechanical  aid,  by  dividing  the  whole  column  into  a number  I 
of  lesser  columns,  and  as  the  veins  lie  much  in  the  neighbour- 
hood of  muscles,  every  time  these  contract  they  press  on  the 
veins,  and  so  cause  a portion  of  their  contents  to  advance 
towards  the  heart,  retrograde  motion  being  prevented  by  the 
valves.  We  sometimes  have  an  unpleasant  proof  of  the  use  of 
these  valves,  for,  should  they  fail  to  perform  their  office,  as 
sometimes  occurs  in  the  lower  part  of  the  leg,  the  whole 
column  of  blood  is  allowed  to  press  on  the  inferior  parts  of  the 
veins,  these  become  distended,  tortuous,  swell  beneath  the 
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skin,  and  require  the  support  of  bandages,  or  a laced  stocking, 
to  prevent  them  bursting,  and  a bad  ulceration  coming  on. 
This  affection  is  usually  known  under  the  name  of  varicose  veins, 
and  may  be  produced  by  ligatures  round  the  leg,  impeding  the 
return  of  the  blood.  Tight  garters  ought,  on  this  account,  to 
be  avoided,  particularly  on  young  children,  in  whom  the  parts 
are  still  tender  and  yielding. 

We  have  now  gone  through  almost  all  the  powers  that  move 
the  blood,  and  have  marked  the  effect  and  mode  of  action  of  each. 
'There  remains  one,  to  which  we  before  alluded,  and  which  has 
been  much  spoken  of,  in  consequence  of  the  ingenious  experi- 
ments and  observations  of  Drs.  Barry  and  Carson.  This  is  what 
called  the  suction  power  of  the  heart,  and  is  supposed  to  have 
great  influence  in  drawing  up  the  blood  through  the  veins,  as 
contractile  power  had  in  driving  out  the  blood  through  the 
ries.  To  understand  what  they  mean  by  this,  we  must 
bserve  how  the  heart  is  situated  within  the  bony  walls  of  the 
est,  which  save  it  from  the  effects  of  atmospheric  pressure, 
e must  also  remember  that  the  cavities  of  the  heart  have  an 
ive  power  of  enlarging  themselves.  Now,  during  inspiration, 
e chest  is  enlarged,  the  ribs  are  drawn  upwards  and  outwards 
the  action  of  their  muscles,  and  thus  freer  space  is  left  for  the 
leart  to  dilate  itself.*  Under  these  circumstances,  the  amide, 
laving  discharged  its  load  into  the  ventricle,  opens  itself  out,  so 
«s  to  form  a vacuum  at  the  head  of  the  veins,  which  it  is  argued 
oust  suck  up  the  blood  from  them,  or,  to  speak  more  correctly, 
’ow  it  to  be  forced  up  by  the  effects  of  atmospheric  pressure, 
-rating  on  the  veins  in  all  other  parts  of  the  body,  but  taken 
them  here  in  the  manner  shown. 

There  is  no  question  but  that  something  must  be  allowed  for 
uch  a power,  though  its  influence  has  been  exceedingly  over- 
ated.  If  we  make  a wound  hi  the  sides  of  the  chest,  air  will 


* It  might  bo  supposed  that  the  atmospheric  air  rushing  into  the  lungs  would 
ross  on  the  heart,  which  lies  immediately  adjoining  them,  but  the  resiliency  or 
asticity  of  the  lungs,  which  enables  them  to  resist  part  of  this  pressure,  saves 
heart,  in  so  far,  from  its  effects. 
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rush  in  during  inspiration,  and  be  expelled  during  expiration;  or, 
if  we  insert  a tube  into  the  opening,  and  place  the  other  end  ofit 
in  a coloured  fluid,  we  shall  see  the  fluid  rise  in  the  tube  during 
inspiration,  and  fall  during  expiration.  Dr.  Barry  inserted  a 
tube  into  the  jugular  vein  of  a horse,  and  lajnng  the  other  end  of 
it  in  coloured  fluid,  observed  exactly  the  same  result  as  we  have 
mentioned.  This  showed  the  tendency  of  the  heart  to  form  a 
vacuum  during  inspiration ; but  there  is  quite  force  enough  to 
return  the  blood  without  any  such  assistance,  which  scarcely  can 
be  regarded  in  any  other  light  than  as  a consequence  of  the  heart 
being  placed  in  the  same  cavity  with  the  lungs.  For,  if  the  vena 
cava  inferior  be  tied  near  the  heart,  it  will  quickly  be  swollen  with 
blood,  and  if  opened  below  the  ligature,  all  the  blood  from  the 
lower  extremities  will  he  discharged  from  it,  though  the  vacuum 
can  have  no  influence  here.  Hales  inserted  an  open  tube  into  the 
vein  of  an  animal,  and  found  the  blood  stand  in  it  six  inches 
higher  than  the  heart;  there  was  little  necessity,  then,  for  a 
vacuum,  or  a suction  power  to  draw  it  up  to  the  heart.  If  you 
press  on  a swollen  vein  in  the  hand,  the  part  above  where  you 
press  will  not  be  emptied,  as  it  should  if  the  suction  were 
powerful.  But,  beyond  all  these  is  the  fact,  that  no  suction, 
however  powerful,  could  raise  a fluid  to  any  distance  through  soft 
yielding  tubes,  such  as  the  veins,  as  any  one  may  convince  him- 
self, by  inserting  a syringe  into  a gut  filled  with  water,  and  try- 
ing to  draw  it  out  of  it ; for  as  soon  as  he  had  raised  a little  of 
the  water  nearest  the  syringe,  the  atmospheric  pressure,  being 
equal  in  every  direction,  will  cause  the  sides  of  the  gut  to  fall  to- 
gether, and  so  to  make  an  end  to  his  experiment. 

The  atmospheric  pressure,  however,  must  exercise  an  influence 
over  the  circulation  in  the  head,  for  this  being  an  air-tight 
cavity,  and  its  vessels,  therefore,  perfectly  relieved  from  this 
pressure,  it  is  evident  that  as  long  as  there  is  any  blood  sent  out 
from  the  heart,  a due  proportion  will  be  certainly  retained  here 
for  the  sustenance  of  the  very  important  organ  it  contains,  air. 
Kellie,  having  in  some  experiments  bled  animals  to  death,  ob- 
served, that  though  all  the  other  parts  were  perfectly  blanched 


tr 
fr 
I r 


li 

k 


THE  CIRCULATION. 


205 


9 

-3 

i 

i 


a 

-i 


' a 


*4 


■y 

■i 

t 


i 

1 

1 

:* 

in 


and  bloodless,  the  brain  contained  a larger  quantity  of  blood 
than  usual,  from  which  he  was  led  to  the  singular  conclusion, 
that  an  animal,  under  such  circumstances,  dies  of  apoplexy.  It 
is  probable  that  he  was  deceived  as  to  the  quantity  being  in- 
creased, by  comparing  the  appearance  of  the  brain  with  that  of 
the  rest  of  the  body ; but  it  is  certain  that  the  vessels  of  the 
brain  would  be  kept  in  their  ordinary  state  of  fulness,  by  the 
atmosphere  pressing  on  the  jugular  veins,  so  as  to  prevent  the 
return  of  the  blood,  while  the  carotid  arteries,  in  consequence  of 
their  deeper  situation  and  stronger  sides,  remained  open  for  its 
transmission. 

The  quantity  ofblood  sent  to  the  brain  is  very  great,  in  pro- 
portion to  its  si2e.  Haller  states  it  as  one-fifth  of  the  whole 
supply  of  the  body ; and  though  Monro  reduces  the  estimate  to 
one-tenth,  still  we  must  consider  this  as  a very  large  proportion 
sent  to  a part,  which,  in  weight,  is  not  one-fortieth  of  the  whole. 
Although  such  a copious  supply  is  thus  provided,  yet  every  one 
knows  the  danger  of  a sudden  gush  of  blood  to  the  head,  and, 
accordingly,  this  has  been  guarded  against  with  the  most  scru- 
pulous care.  In  animals  that  hang  the  head  in  feeding,  such  as 
the  ox,  sheep,  <fcc.,  this  danger  would  be  greatest.  Therefore  in 
them  we  find  the  most  beautiful  provision  against  it;  for  no 
sooner  have  the  large  arteries  arrived  at  the  head,  than  they 
divide  into  a number  of  small  branches,  which,  after  forming  a 
net-work,  assemble  themselves  again  into  a trunk,  proceed 
towards  the  brain,  and  then  a second  time  subdivide  for  its 
supply.  The  only  object,  then,  of  the  first  subdivision,  is  to 
br  eak  the  force  of  the  jet  of  blood  coming  from  the  heart,  and 
insure  a more  steady  and  even  flow  in  the  vessels  of  the  brain. 
It  would  be  wrong,  however,  to  consider  such  an  effect  as  merely 
mechanical;  by  it  the  extent  of  the  arteries  is  increased,  of 
course  the  amount  oftheir  vital  contractility  is  increased  with  it, 
and  they  obtain,  as  it  were,  an  independent  regulating  power.  In 
the  instance  given,  this  power  was  used  for  lessening  or  mo- 
derating the  flow  of  the  blood;  but  it  can  also  be  used  for 
increasing  or  strengthening  it,  as  Sir  Charles  Hell  has  taken 
usome  pains  to  point  out. 
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If  a tumour  commences  growing  on  any  part  of  the  body,  the 
arteries  supplying  that  part,  though  before  straight  and  even  in 
their  course,  will  become  enlarged  and  tortuous,  carrying  more 
blood,  and  delivering  it  with  more  power.  The  surgeon  knows 
that  when  called  on  to  remove  the  tumour-,  should  he  cut  one  of 
those  tortuous  vessels,  the  blood  spouts  from  it  with  much  more 
force  than  when  the  vessel  was  straight.  The  artery  going  to 
the  breast  in  a woman  is  naturally  straight,  but  when  she  com- 
mences to  give  suck,  and  so  an  increased  supply  is  required,  the  I 
artery  immediately  becomes  toi-tuous.  The  arteries  supplying 
the  womb  become  extremely  tortuous  dru-ing  the  period  of  gesta- 
tion. The  temporal  artery  in  man,  which  conveys  blood  to  the 
top  of  the  head,  and  may  easily  be  felt  beating  at  the  temples,  is 
well  known  to  be  tortuous,  yet  the  object  here  must  be  an  in- 
crease of  power  to  urge  the  blood  up  against  the  resistance  of 
gravity;  the  arteries  supplying  the  lower  extremities  are  all  I 
quite  straight.  It  is,  therefore,  evident  that  the  mechanical  ob-  j. 
stacle  produced  by  the  various  directions  given  to  the  current 
can  be  more  than  compensated  by  the  additional  extent  of  '■ 
contractile  power  acquired,  and  that  the  object  of  the  subdivision 
in  the  one  case,  or  the  tortuosity  in  the  other,  is  to  give  the 
arteries  a greater  control  over  the  supply. 

In  the  human  brain  there  is  not  the  provision  described  in  the 
ox  or  sheep,  for  saving  it  from  the  effects  of  the  heart’s  action, 
which  we  may,  in  passing,  notice  as  an  argument,  if  argument  r 
be  necessary,  against  the  absurd  opinion,  that  man  was  ever 
intended  to  walk  on  all-fours,  with  his  head  hanging  down.  The 
matter  is  sufficiently  provided  for  by  the  effects  of  gravity,  and 
the  bending  of  the  arteries  at  abrupt  curves,  just  before  and 
immediately  after  entering  the  skull.  It  is  also  worthy  of  notice, 
that  they  divide  immediately  into  a great  number  of  minute  II 
vessels  for  the  supply  of  the  brain,  no  trunk  of  such  a size  enter- 
ing its  substance,  as  could,  by  its  pulsation,  cause  any  disturb- 
ance. A provision  has  also  to  be  made  for  the  free  supply  of 
arterial  blood  to  the  brain.  This  is  effected  by  sending  there 
four  large  arteries,  the  two  carotids  and  two  vertebral,  and  mak- 
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ing  them  all  communicate  with  one  another  by  branches  which 
form  what  has  been  termed  the  circle  of  Willis;  by  this 
arrangement,  in  the  event  of  anything  occurring  to  interrupt  the 
flow  of  blood  through  one  of  these  vessels,  the  brain  does  not 
suffer,  it  gets  at  once  supplied  by  the  communicating  branches  of 
the  other  arteries.  The  return  of  the  blood  from  the  brain  is 
provided  for,  not  in  the  ordinary  way  of  veins  uniting  to  form 
trunks,  these  still  larger  trunks,  and  so  on ; but  the  small  veins 
all  discharge  themselves  into  certain  cavities,  termed  sinuses, 
lodged  in  grooves  in  the  bones  of  the  skull,  and  placed  for 
security  in  the  actual  substance  of  the  firm  fibrous  membrane, 
which  forms  the  general  envelope  of  the  brain.  By  these  means 
they  are  constantly  kept  open,  so  that  the  blood  flows  into  them 
with  much  ease ; and  they  also  resist  dilatation,  the  effect  of  which 
would  be  to  produce  pressure  on  the  brain.  No  valves  are  to  be 
found  in  them,  as  the}-  are  not  in  the  neighbourhood  of  muscles 
That  might  compress  them,  neither  are  they  subject  to  the  weight 
of  the  atmosphere,  nor  yet  does  the  current  rise  against  the 
power  of  gravity.  They  prevent  the  bad  effect  of  a reflux,  which 
may  take  place  during  any  temporary  obstruction  to  the  entrance 
of  the  blood  into  the  chest,  by  dividing  its  action  amongst  all  the 
little  ins  entering  them,  so  that  the  shock  which  would  rupture 
one,  is  rendered  harmless  amongst  many. 

The  pulse  is  a phenomenon  familiar  to  every  one,  yet  the 
. cause  of  its  occurrence  is  not  perfectly  known.  We  have  seen 
, that  the  heart  at  each  contraction  sends  into  the  arteries  a jet 
^ of  blood,  and  almost  at  the  instant  this  occurs  a finger  placed 
j on  the  wrist,  or  in  any  other  situation  where  an  artery  can  be 
compressed,  will  be  sensible  of  a stroke.  It  was  therefore 
thought  that  a dilatation  of  the  artery,  caused  by  the  increase  in 
ts  contents,  was  the  cause  of  this  stroke.  But  it  appears  that 
-he  dilatation  alone  is  not  sufficient  to  account  for  the  pulse, 
inasmuch  as  Dr.  Parry  could  not,  in  the  most  careful  examina- 
. lion,  observe  any  dilatation  in  the  artery;  and  Dr.  Parry,  having 
, Ihrust  his  arm  into  the  chest  of  a living  horse,  and  laid  hold  of 
t>f  the  aorta,  found  that  it  gave  no  pulsation,  unless  he  com- 


208 


THE  CIECULATIOX. 


pressed  it.  There  can  he  no  doubt,  however,  of  there  being  a f 
certain  degree  of  dilatation,  for,  as  the  blood  is  incompressible,  , 
there  is  no  other  way  of  accounting  for  its  smooth  equable  i 
motion  through  the  capillaries.  The  sudden  stiffening  of  the  ! 1 
artery  to  aid  the  transmission  of  the  blood,  must  also  be  a cause. . 9 
Between  the  jets  the  artery  is  flexible  and  yielding,  therefore  the  1 1 
finger  presses  it  without  difficulty ; but  when  the  jet  comes,  the  I j 
contractile  coat  of  the  artery  suddenly  acts,  and  converts  it  into  1 ! 
a rigid  tube  under  the  finger.  Another  cause  may  be  a slight : \ 
change  of  place  that  occurs  in  such  arteries  as  are  bent  or  tortu-  • ! 
ous ; the  gush  of  fluid  distends  them  in  length  as  well  as  in 
diameter ; in  their  elongation  the  straight  ones  become  curved, 
and  those  already  curved  become  more  so ; this  may  be  easily 
seen  in  the  temporal  artery,  especially  in  an  elderly  person  where 
the  vessel  has  become  permanently  tortuons : the  effect  of  this 
elongation  will  be  the  throwing  up  of  the  artery  from  its  bed.  ' 
The  sort  of  vibration  or  wave  of  blood  conveyed  along  the  whole  ' 
fluid  must  also  assist,  as  we  can  convince  ourselves,  by  filling 
any  elastic  tube  with  fluid,  and  exciting  a motion  in  it,  by  1 ' 
tapping  at  one  end ; it  will  quickly  be  conveyed  to  a considerable  5 
distance.  We  see,  thus,  that  the  pulse  cannot  be  referred  to  any  1 
single  cause,  but  that  several  must  be  considered  in  attempting  ' 
to  account  for  it. 

It  now  only  remains  that  we  should  say  a few  words  of  the 
causes  that  led  to  the  discovery  of  the  circulation,  and  the  1 - 
arguments  by  which  it  is  proved.  This  important  fact  was  dis-l  ' 
covered  by  the  celebrated  Harvey  about  the  year  1620,  and, 
we  may  say,  resulted  from  adherence  to  the  principle,  which  in 
physical  inquiries  should  never  be  lost  sight  of,  that  Xature  does 
nothing  in  vain.  Harvey,  in  the  course  of  his  anatomical ! • 
researches,  observed  the  fact,  that  the  valves  of  the  veins  all 
opened  towards  the  heart,  but  shut  back  so  closely,  as  to  resist ' ; 
the  return  of  fluid,  or  even  air,  the  other  way ; he  at  once  decided 
that  so  remarkable  a contrivance  must  have  some  use,  that! 
that  use  was  to  admit  the  flow  of  the  blood  in  one  direction,  butf 
resist  it  in  the  other,  and,  consequently,  that  the  blood  did  not! 
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Ibb  and  How  in  the  veins  ‘ lilce  the  tides  of  the  Euripus,’  as  liad 
een  the  old  opinion.  Some  channel  was  now  requisite  to  take 
ie  blood  out  of  the  body,  the  veins  being  only  calculated  to 
turn  it,  and  what  channel  so  proper  as  the  arteries  ? To  put 
ie  matter  to  the  test,  he  opened  an  artery  in  the  living  body 
ad  out  gushed  the  blood.  So  far  was  satisfactory ; the  artery 
jntained  blood,  but  what  course  was  it  talcing  ? He  tied  an 
rtery,  and  it  swelled  at  the  side  next  to  the  heart,  therefore  its 
ood  was  coming  to  it  from  the  heart.  He  tied  a vein  and  it 
elled  at  the  side  remote  from  the  heart,  therefore  its  blood 
;as  returning  towards  the  heart.  He  cut  across  an  artery,  the  jet 
blood  took  place  from  the  heart-side ; he  cut  a vein,  the  blood 
ured  from  the  body-side.  He  showed  that  an  animal  would 
e'ed  to  death,  either  from  an  artery  or  a vein,  which  clearly 
owed  their  communication.  Finally,  he  opened  a cold-blooded 
nimal,  and  observed  the  whole  process  that  he  had  thus  beau- 
y argued  out ; the  veins  filled  the  auricle,  the  auricle 
ed  the  blood  to  the  ventricle,  the  ventricle  contracted,  and 
:nt  its  load  through  the  whole  body,  whence  it  was  again  to 
turn  streaming  through  the  veins.  The  proof  was  now 
mplete,  and  entitles  him  to  the  glory  of  having  worked  out 
ne  of  the  most  important  discoveries  ever  made,  by  reasoning 
'ne,  without  any  mixture  of  accident.  Little,  we  may  say 
nthing,  has  been  added  to  his  demonstration ; in  fact,  it  needs 
■thing.  Malpighi,  Leuwenhoeck,  and  other  microscopical  ob- 
rvers,  have  seen  the  circulation  going  on  in  the  wing  of  a bat, 
e tad  of  a fish,  the  web  of  a frog’s  foot,  the  mesentery,  and 
'her  transparent  parts;  but  this,  of  itself,  would  have  been 
sufficient  to  prove  the  exact  progress  of  the  blood,  and,  indeed, 
thout  the  previous  proofs,  would  have  given  us  very  imperfect 
)tions.  The  discovery  is  peculiarly  Harvey’s ; in  it  he  was  both 
'iginal  and  complete.  The  passage  of  the  blood  through  the 
“gs  had  been  imagined  by  Servetus,  a Spanish  physician,  and 
ie  mixture  of  the  blood  and  air  in  them  supposed  to  give  birth 
a vital  principle.  His  description  occurs  in  his  work,  called 
Mt ristianismi  Mcstitulw  ; but  can  no  more  be  said  to  have  led 
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to  the  discovery  of  the  general  circulation,  than  the  celebrated 
passage  in  Seneca  to  the  discovery  of  the  New  World. 

With  the  humility  of  a Christian  joined  to  the  spirit  of  a 
philosopher,  Harvey  continued  his  investigations  into  the  ani- 
mal body ; his  researches  were  crowned  with  success,  but  it  does 
not  lie  within  our  present  scope  to  notice  them  further.  We 
may  he  allowed  to  express  our  regret  that  we  have  been  deprived 
of  the  results  of  many  of  these  hy  the  ruthlessness  of  civil  war. 
Harvey  was  loyal,  as  well  as  pious.  He  had  shared  the  pros- 
perity of  his  royal  master,  and  with  equal  readiness  accompjanied 
him  in  flight  and  in  adversity.  His  Museum  was  plundered, 
and  his  preparations  destroyed,  hy  the  Parliament  party,  yet 
sufficient  remained  him  to  enable  him  to  give  the  world 
JUxercitationes  de  Generatione  Animalium,  which  illustrated 
in  a new  and  striking  manner  the  declaration  of  Holv  Writ 


‘Wonderful  are  the  works  of  the  Lord;  sought  out  of  all  them 
that  have  pleasure  therein.’  Harvey  lived  to  see  his  doctrines  1 
triumph  over  all  opposition,  and  died  full  of  years  and  honour,  j 
a.d.  1658. 


If  it  could  be  given  us  to  trace  the  paths  of  an  individual  mind 
which  lived  before  the  appearance  of  literature  and  science  in  the 
world,  and  if  we  should  observe  that  it  had  taken  the  rightjj 
course  towards  truths  which  some  after  traveller  has  laid  down 
with  acknowledged  accuracy,  and  which  still  bears  his  name  on 
the  great  chart  of  human  discovery,  we  might  hesitate  whether 


we  ought  to  yield  entirely  to  the  last  the  envied  Apr) to.  ot 
research.  This  is  no  imaginary  dilemma.  There  are  few  posi- 


tions that  more  betray  the  weakness  of  partial  opinions,  and  the 
illogical  ground  on  which  they  seem  to  rest,  than  the  discussions, 
as  fatal  to  right  feeling  as  to  all  true  philosophy,  that  invariably 
follow  every  great  discovery,  and  which  have  not  left  even 
revelation  intact.  No  sooner  had  Harvey,  in  1628,  publishe 
the  facts  of  the  circulation  of  the  blood,  than  men  discover 
that  in  the  writings  of  Solomon,  Hippocrates,  Plato,  Aristotle, J 
and  Galen,  they  could  read  of  the  same  facts  and  the  same  dis- 
coverv.  And  undoubtedly  they  could  do  so  to  a certain  extent ; 
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'lit  they  forgot  to  add  that  it  was  by  the  lamp  of  Harvey’s 
:enius  alone  by  which  they  were  enabled  to  see  in  the  loose 
alogies  of  the  ancients  the  positive  relations  which  he  first 
.unveiled.  More  than  2000  years  had  elapsed  since  the  works  of 
ippocrates  had  been  given  to  the  world,  yet  no  one  had  found 
in  his  observations,  or  in  those  of  any  other  author,  the  clue  to 
llis  more  than  Cretan  labyrinth,  till  Harvey  published  his 
'xercitatio  Anatomica  cle  Motu  Cordis  et  Sanguinis  in  Ani- 
alibus ; and,  were  it  possible  to  extinguish  the  light  which  he 
Beds  upon  the  past,  the  shadows  of  truth  that  are  now  seen  to 
kequer  the  pages  of  ancient  literature  would  once  more  be 
idden  from  us,  for  all  would  become  equally  obscure.  But 
appily  this  cannot  be ; like  the  photographs  of  I laguerre  and 
'albot,  genius  transfixes  for  ever  shadows  that  pass  over  the 
ds  of  many,  though  none  else  have  power  to  arrest  them. 
Before  we  pass  to  the  quotations  which  at  one  time  formed 
ae  texts  of  many  a bitter  diatribe,  let  us  once  more  assure  the 
ader  that  their  authors  were  quite  unconscious  of  that  fulness 
f meaning  which  later  facts  have  given  to  their-  words.  The 
allowing  is  the  first  step  of  error : — In  an  ancient  work  we  find 
ords  which  express  our  own  familiar  ideas  of  some  later  dis- 
overy,  and  we  at  once  assume  that  the  impressions  of  the  writer 
ere  the  same  as  those  of  the  reader ; but  words,  which  are  vague, 
•e  the  only  medium  and  test  of  this  relation ; and,  amidst  the 
Multitude  of  metaphors  necessarily  used  before  inductive  science 
.ught  realities,  is  it  to  be  wondered  at,  that  a few,  when  taken 
•rt  from  the  context,  correspond  to  the  form  of  expression  of 
ue  facts  themselves,  since  discovered ! We  shall  find  this  to  be 
e case  in  the  present  instance.  Solomon,  writing  nearly  3000 
.•ars  ago,  compares  the  heart  to  a fountain,  the  liver  to  a cistern, 
nd  the  circulation  of  the  blood  to  a water-wheel;  and  Hip- 
ates,  500  years  later,  compares  the  circulation  of  the  blood  to 
ie  course  of  rivers,  to  the  ebbing  and  flowing  of  the  sea,  to  the 
'volutions  of  the  planets  ; now,  is  it  philosophical  to  pick  out 
ese  metaphors,  unsupported  as  they  are  by  a single  fact 
'.corded  in  the  works  from  whence  they  are  taken,  and  affirm 
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that  the  ancients  knew  the  circulation  of  the  blood  as  we  know 
it,  and  as  Harvey  first  taught  it  ? The  ancients  knew  that  the 
blood  moved,  but  all  beyond  that  fact  was  metaphor.  The  ana- 
tomists of  the  Alexandrian  school  of  medicine,  so  late  as  the  time 
of  Galen,  taught  that  the  arteries  were  filled  with  air,  and  the 
very  name  of  artery  means  I hold  air.  The  following  are  the 
quotations  in  chronological  order. 

1.  ‘Or  ever  the  silver  cord  be  loosed,  or  the  golden  bowl  be 
broken,  or  the  pitcher  be  broken  at  the  fountain,  or  the  wheel 
broken  at  the  cistern.  Then  shall  the  dust  return  to  the  earth 
as  it  was;  and  the  spirit  shall  return  unto  God  who  gave  it.’ — 
Ecclesiastes,  xii.  6,  7. 

The  silver  cord  is  the  spinal  marrow;  the  golden  bowl,  the 
skull-cap ; the  pitcher,  the  heart ; the  wheel,  the  metaphorical 
circulation  of  the  blood ; and  the  cistern  is  the  liver. 

2.  ‘ The  veins  extended  throughout  the  body  exhibit  life,  and 
flux,  and  motion:  many  branches  spring  from  one,  but  whence 
that  one  arises,  and  where  it  terminates,  I know  not : for  a circle 
being  described,  the  beginning  is  not  to  be  found.’ — Hippocrates. 

3.  ‘The  heart  is  the  source  of  the  veins  and  the  fount  of 
the  blood,  which  circulates  (7 repafiepofievov)  through  the  whole 
body  with  some  degree  of  force.’ — Plato. 

4.  ‘ The  blood  flows  through  the  veins,  and  these  vessels 
receive  it  from  the  arteries.’ — An  ancient  Scholiast  of  Euri- 
pides. 
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Chatter  IX. 

RESPIRATION. 


RESPIRATION  is  that  function  by  which  the  blood,  exposed 
to  the  action  of  air,  is  rendered  fit  for  the  nutrition  of  the 
body,  and  the  stimulation  of  its  several  organs.  This  exposure 
takes  place  in  different  modes  in  the  different  classes  of  animals. 
In  man  the  lungs  serve  for  this  purpose;  in  fishes,  gills;  m 
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I some  singular  animals,  as  tlie  proteus  and  siren,  both  lungs  and 
I gills  occur ; insects  have  neither  lungs  nor  gills,  but  the  body  is 

■ penetrated  with  tubes  conveying  ah'  into  all  its  parts,  while 

II  lower  still  all  these  provisions  are  wanting,  and  respiration  seems 
!&  canned  on  by  the  skin  alone.  This  is  an  illustration  of  the  law 
I lately  announced  by  M.  Straus  Durckheim,  * that  in  following 

any  organ  through  the  scale  of  animals,  we  observe  it  undergo  a 
regular  degradation  before  it  totally  disappears.’  The  function, 
however,  is  necessary,  in  one  mode  or  other,  to  every  animal,  a 
fact  so  well  known  as  to  have  become  a proverb,  ‘ necessary  as 
the  ah-  we  breathe.’  Spallanzani  made  numerous  experiments 
i on  small  animals,  which  he  introduced  under  the  bell  of  the  air- 
pump,  and  found  that  they  invariably  died  soon  after  he  had 
exhausted  it  of  ah.  Or  if  he  placed  them  in  circumstances  that 
prevented  the  renewal  of  the  air,  death  also  followed  in  longer  or 
shorter  time,  proportioned  to  the  quantity  of  ah  in  which  they 
were  enclosed.  In  these  cases  the  air  was  always  found  vitiated. 
One  of  its  principles  (oxygen)  was  gone,  and  in  its  place  was 
substituted  carbonic  acid  gas,  which  is  fatal  to  life. 

Hales  found  that  the  same  laws  held  respecting  vegetables : 
"they  too  died  when  the  air  was  withdrawn,  or  when  that  with 
which  they  were  enclosed  had  become  vitiated.  It  appears, 
therefore,  to  be  an  universal  law,  that  air  is  necessary  to  life. 
We  must,  therefore,  commence  with  a short  account  of  air,  its 
composition  and  propei-ties;  next,  consider  the  mechanism  by 
which  its  action  on  the  animal  lrame  is  insured ; this  will  lead 
us  to  a review  of  the  respiratory  organs  in  the  different  classes  of 
animaLs,  and  their  beautiful  adaptation  to  each ; we  shall  after- 
wards consider  the  changes  that  have  taken  place,  both  in  the 
blood  and  the  air,  consequent  on  their  being  brought  into  appo- 
sition ; and  conclude  with  some  remarks  on  voice,  speech,  and 
•certain  other  phenomena,  such  as  laughing,  sighing,  &c.,  con- 
nected with  our  subject. 

The  air  is  that  invisible  elastic  fluid  by  which  we  are  every 
where  surrounded.  It  encompasses  the  earth  like  a shell,*  pro- 

t The  weight  of  this  shell  of  air,  as  computed  by  Dr.  Thomson,  in  his  system 
of  chemistry,  is  1,  911,103,227,258,191,818  pounds  avoirdupois. 
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bably  to  the  height  of  about  forty-five  miles.  Its  gravity,  that  - 
is,  its  attraction  towards  the  centre  of  the  earth,  which  it  shares 
in  common  with  all  other  bodies,  fluid  or  solid,  prevents  it  from 
flying  away  or  yielding  to  the  attraction  of  the  sun ; while  its  : 
elasticity,  or  the  tendency  of  its  particles  to  remove  themselves 
from  one  another,  saves  it  from  falling  down  altogether  to  the  - 
earth’s  surface,  and  condensing  itself  into  probably  a liquid,  or 
solid  crust  around  it.  The  consideration  of  these  properties  of 
the  air  belongs  more  peculiarly  to  the  science  termed  Pneumatics,  : 
but  their  utility  is  evident  in  insuring  us  an  atmosphere  proper 
for  breathing.  We  are  at  present,  however,  most  concerned  with  : 
the  composition  of  the  atmosphere.  By  the  ancients  we  know  it  : 
was  looked  on  as  a simple  body,  and  counted  as  one  of  their  r 
elements,  out  of  which  they  supposed  all  other  bodies  to  be 
formed. 

A series  of  beautiful  experiments,  however,  have  now  demon- 
strated the  fallacy  of  this  opinion,  and  the  names  of  our  own 
countrymen,  Boyle,  Priestley,  Cavendish,  and  Black,  rank  high  • 
amongst  those  by  whom  the  true  nature  and  composition  of  the 
atmosphere  has  been  disclosed.  It  essentially  consists  of  two 
gases,  oxygen  and  nitrogen,  in  the  proportion  of  twenty -one  ■ 
measures  of  the  former  to  seventy-nine  of  the  latter,  in  every  one  ' 
hundred  measures  of  atmospheric  air.  It  matters  not  whether  the 
aii-  examined  be  brought  from  the  highest  mountains,  or  the  t 
deepest  valleys,  this  proportion  continues  unvaried.  There  must,  - 
therefore,  be  a reason  for  this,  and  the  reason  is,  that  as  far  as 
the  researches  of  pneumatic  chemistry  have  gone,  and  no  science  . 
has  been  cultivated  more  diligently  or  successfully,  there  is  no 
other  gas,  no  other  composition  of  gases,  which  could,  con- 
sistently with  health  and  life,  continue  to  be  breathed  for  any  j 
length  of  time.  In  addition  to  these  two  gases  we  find  less  j 
than  'oi  of  carbonic  acid  in  every  hundred  parts  of  atmospheric  r 
air,  yet  so  constantly  found  as  to  be  looked  on  as  a necessary  in-  i 
gredient.  It  would  appear  that  this  is  not  useless  either,  as  the 
experiments  of  Saussure  seem  to  show  that  the  presence  of  a 
certain  quantity  of  carbonic  acid  promotes  the  growth  of  plants; 
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id  it  merits  observation,  that  at  great  heights  the  quantity  of 
;his  gas  is  much  diminished ; in  fact,  M.  Mongez,  who  accom- 
panied La  Perouse  in  his  last  unfortunate  voyage,  could  detect 
tone  of  it  in  the  air  on  the  summit  of  the  Peak  of  Teneriffe ; but 
:iere  we  know  vegetation  is  at  an  end.  In  addition  to  these,  the 
atmosphere  generally  contains  watery  vapour,  exhalations  ofvarious 
tiinds,  occasionally  odours,  emanations  from  animal  and  vegetable 
nodies,  and  miasmata,  or  contagious  effluvia,  which,  though  so 
generally  allowed  to  be  the  causes  of  certain  diseases,  have  as 
[yet  defied  all  attempts  to  investigate  them  nature,  or  demonstrate 
ffleir  existence,  otherwise  than  through  the  baneful  effects  attri- 
mted  to  them.  These,  however,  as  they  vary  in  different  parts, 
re  considered  as  being  only  accidentally  present  in  the  atmo- 
sphere, which  essentially  consists,  as  we  have  said,  of  one-fifth 
>xygen  and  four-fifths  nitrogen.  Now  should  a man  attempt  to 
breathe  nitrogen  alone,  he  is  quickly  suffocated ; the  nitrogen 
self  is  not  injurious,  but  causes  death  merely  by  preventing  the 
ntrance  of  oxygen.  This  property  has  induced  the  French 
hemists  to  give  it  the  appropriate  name  of  azote  * If,  on  the 
ontrary,  a person  breathes  pure  oxygen,  he  seems  under  the  in- 
luence  of  a too  powerful  stimulus.  His  pulse  increases  in 
Strength  and  rapidity : his  breathing  is  accelerated : his  face 
•ecomes  flushed;  he  exhibits  symptoms  of  high  inflammation, 
fflich  would  supervene  were  the  experiment  continued.  It  is 
ivident,  then,  that  dilution  is  required,  and  it  is  an  object  that 
lis  dilution  should  be  made  with  some  gas,  not  in  itself  injurious 
life.  Of  such  gases  there  are  but  two,  nitrogen  and  hydrogen. 
!ut  a mixture  of  hydrogen  and  oxygen  is  so  violently  explosive, 
lat  were  the  atmosphere  composed  of  this,  the  first  accidental 
>ark,  the  first  attempt  to  light  a fire,  would  have  blown  it  all 
p,  and  destroyed  all  the  animals  on  the  surface  of  the  globe. 
Uitrogen,  therefore,  is  alone  proper;  nitrogen,  therefore,  has 
| Hone  been  employed.  Whether  it  may  not  have  some  further 
sse  in  the  atmosphere  than  a mere  diluent,  will  be  considered 
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when  we  come  to  speak  of  the  changes  produced  in  the  air  by 
respiration.  But  another  question  now  arises;  one  hundred 
cubic  inches  of  oxygen  weigh  about  thirty-three  grains,  while 
the  same  quantity  of  nitrogen  weighs  hut  twenty-nine.  Why, 
then,  it  may  he  asked,  does  not  the  oxygen  fall  to  the  bottom,  or 
occur  in  greatest  quantity  towards  the  earth,  while  the  nitrogen 
should  mount  up,  and  be  found  most  abundant  in  the  upper 
regions  of  the  ah-  ? That  this  does  not  occur  we  hare  already 
stated,  and  we  are  assured  of  the  lact  by  the  analysis  made  of 
air  brought  by  Gay-Lussac  from  a height  of  21,735  feet,  to 
which  he  had  ascended  in  a balloon,  and  also  of  some  brought  by 
Humboldt  from  the  top  of  the  Andes.  This  uniform  mixture  of 
the  component  parts  was  at  first  attributed  to  the  constant 
agitation  produced  by  the  winds,  but  this  was  very  unsatis- 
factory. The  effect  of  the  winds  reaches  only  to  certain  heights ; 
during  calms  of  long  continuance  no  alteration  is  experienced  in 
the  composition  of  the  air  ; and  if  air  be  confined  in  a tall  glass 
tube,  and  kept  perfectly  at  rest  for  several  months,  the  upper 
part  will  still  be  found  to  contain  as  much  oxygen  as  the  lower. 

Dr.  Dalton  applied  himself  to  the  consideration  of  this  question, 
and  the  conclusions  at  which  he  has  arrived  seem  to  us  quite 
satisfactory.  He  observed  that,  if  he  caused  two  vessels  to  com- 
municate by  a tube,  the  one  of  which  contained  oxygen  and  the 
other  nitrogen,  a mixture  of  the  gases  soon  took  place,  and  that 
it  seemed  indifferent  whether  the  heavier  gas  were  placed  above 
or  below.  He  proceeded  to  generalize  this  fact,  and  found  it  to 
hold  good  for  all  gases,  the  lighter  invariably  descending  through 
the  heavier,  while  the  heavier  rose  through  the  lighter.  This 
was  an  apparent  contradiction  of  the  laws  of  gravity,  but  the 
contradiction  was  only  apparent.  It  will  be  remembered  we 
mentioned  another  quality  of  gaseous  or  aeriform  bodies — elas- 
ticity. This  is  the  tendency  which  the  particles  of  a body  have 
to  recede  from  one  another  in  consequence  of  a repulsive  power 
which  they  seem  to  exercise  amongst  themselves.  It  occurred 
then  to  Dr.  Dalton,  that  though  they  thus  repelled  one  another, 
yet  that  they  exerted  no  such  power  on  the  particles  of  any  other 


J 

f 

r 

t 

c 

I 1 
I * 

1 

r 


i 

k 

fi 

r 

il 

E 

f 


» 


Be 

tm 

I,. 

t 


EESPIEATION. 


217 


il 


c 


body ; and  this  simple  s\ipposition  resolves  the  whole  difficulty. 
For  suppose  that,  first,  the  world  were  surrounded  by  an  atmo- 
sphere altogether  of  nitrogen,  it  is  evident  this  would  expand 
itself  into  space  in  the  same  manner  as  our  present  atmosphere, 
that  is,  until  its  further  expansion  were  checked  by  such  causes  as 
cold  or  gravity.  Now  between  the  particles  of  this  atmosphere 
of  nitrogen,  there  would  exist  spaces  which  the  mutual  repulsion 
of  the  particles  prevented  them  from  occupying.  If,  now,  a 
quantity  of  oxygen  were  let  loose  at  the  surface  of  the  earth,  it 
would  rise  into  all  those  spaces,  inasmuch  as  its  particles  would 
suffer  no  repulsion  from  the  particles  of  the  nitrogen,  and  would 
proceed  to  diffuse  themselves  almost  as  if  no  nitrogen  were  pre- 
sent. The  relative  proportions,  therefore,  of  these  gases  at  any 
given  height,  would  always  be  the  same,  being  the  result  of  a 
common  law,  that  the  expansion  of  gases  is  measured  by  the 
diminution  of  pressure. 

Dr.  Dalton’s  theory  is,  therefore,  pretty  generally  received ; 
but  whatever  may  be  thought  of  this,  the  fact  is  undoubted, 
that  the  composition  of  the  air  is  uniform  at  all  heights  from 
which  as  yet  it  has  been  brought,  and  that  this  composition  is 
in  the  best  proportions  for  the  support  of  animal  and  vegetable 
life.  In  confirmation  of  this  last  assertion,  we  may  add  that 
the  same  elements,  viz.,  oxygen  and  nitrogen,  in  different  pro- 
portions, produce  nitrous  oxide,  that  singular  gas  the  inhalation 
of  which  for  a few  moments  will  produce  temporary  intoxication ; 
or,  if  the  oxygen  be  still  further  increased,  even  nitrous  or  nitric 
acids,  which  rank  amongst  the  strongest  corrosive  substances  we 
know,  and  would  be  instantly  fatal  if  admitted  either  into  the 
lungs  or  stomach. 

We  shall  notice  but  one  more  of  these  aerial  harmonies  or 
adaptations  of  the  air  to  our  necessities.  It  is  this,  that  its 
component  parts  are  so  loosely  combined  that  any  body  which 
possesses  an  attraction  for  oxygen  removes  it  as  easily  as  though 
it  were  in  a state  of  purity.  Thus,  iron  exposed  quickly  rusts, 
that  is,  combines  with  the  oxygen  of  the  air,  rust  being  merely 
an  oxide  of  iron.  The  same  may  be  said  of  the  other  metals 
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that  rust,  corrode,  or  tarnish  by  exposure ; these  words  express 
nothing  more  than  the  combination  of  such  metals  with  oxygen. 
Oxygen  is  also  required  to  combine  with,  or  in  some  manner  act 
on  the  blood,  so  as  to  change  it  from  venous  to  arterial,  but  were 
the  oxygen  strongly  attracted,  or  held,  by  the  nitrogen,  we  could 
not  expect  it  to  be  separated  during  the  short  period  it  is  allowed 
to  act  on  the  blood  in  the  lungs.  We  are  able  to  illustrate  this 
by  what  actually  occurs  to  fish.  They  breathe,  not  water,  as  is 
commonly  supposed,  but  a quantity  of  atmospheric  air  which  is 
constantly  held  in  solution  in  water.  If  we  exhaust  the  water  of 
this  air  by  placing  the  vessel  containing  it  under  the  receiver  of 
an  air-pump,  a fish  placed  in  such  water  under  such  circum- 
stances would  die ; the  fish  would  he  drowned.  Yet  there  is 
plenty  of  oxygen  around  it,  for  water  is  composed  of  oxygen  and 
hydrogen,  but  they  are  in  a state  of  such  intimate  combination 
that  the  fish’s  gills  cannot  decompose  them  so  as  to  apply  the 
oxygen  to  the  arterialization  of  its  blood.  How  many  provisions 
necessary  before  we  could  make  a single  available  respiration ! 

How,  to  consider  the  organs  by  which  this  air  is  made  useful 
to  our  existence ; for  as  solid  and  liquid  nutriments  are  taken 
into  the  stomach,  certain  parts  of  them  employed  for  the  support 
of  the  body,  and  the  remainder,  which  is  useless,  cast  out ; so, 
gaseous  food,  that  is,  the  air  we  breathe,  is  taken  into  the  lungs 
at  each  inspiration,  undergoes  certain  changes  there,  and  when 
returned  by  expiration  is  found  deprived  of  a portion  of  its  con- 
stituents which  have  been  applied  to  the  uses  of  the  system. 

In  man  and  the  higher  order  of  animals,  such  as  quadrupeds, 
the  lungs  are  always  contained  within  a cavity  called  thorax  or 
chest.  This  we  consider  as  extending  from  the  bottom  of  the 
neck  to  the  top  of  the  abdomen.  It  contains  the  lungs  and 
heart,  organs  of  the  highest  importance.  It  is,  therefore,  fenced 
round  and  defended  with  much  care  and  foresight,  having  behind 
the  back-bone ; in  front,  the  breast- bone ; and,  round  the  sides, 
the  ribs,  which  run  from  one  of  these  to  the  other : being  of  a 
rounded  or  bowed  form,  which  allows  free  space  for  the  expansion 
of  the  lungs,  and  is  the  cause  of  the  general  shape  and  outline  of 
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the  chest.  It  will  be  necessary  to  say  a few  words  of  the  struc- 
ture and  mechanism  of  each  of  these  parts.  The  term  hack-hone, 
which  we  have  hitherto  used  with  a view  to  being  understood  by 
general  readers,  is  really  incorrect,  inasmuch  as  the  part  so  desig- 
nated, consists  of  twenty-four  distinct  bones,  to  which  the  name 
vertebra  is  given.  Between  each  pair  of  these  a plate  of  elastic 
cartilage  is  inserted,  and  the  whole  structure  thus  built  up  pos- 
sesses two  qualities  which  no  single  bone  could  have  had ; it  is 
flexible,  so  as  to  accommodate  itself  to  all  the  motions  of  the  body 
in  twisting,  turning,  stooping,  &c. ; and  it  is  springy,  that  is,  it 
is  capable  of  yielding  a little  at  each  joint  and  again  recovering 
itself,  so  that  any  jar  caused  by  leaping  from  a height  on  the 
heels  becomes  divided  and  diminished  in  its  passage  along  the 
spine,  and  is  thus  prevented  reaching  the  brain,  where  it  might 
do  injury.  Of  these  twenty-four  vertebrae,  seven  belong  to  the 
neck,  and  are  named  cervical ; twelve  to  the  chest,  and  from 
being  situated  at  its  bade  part,  are  called  dorsal ; the  remaining 
five  are  in  the  loins,  and  thence  termed  lumbar.  To  each  of  the 
twelve  dorsal  vertebrae  corresponds  a rib  which  fits  on  it  by 
l means  of  a round  head  resting  in  a shallow  cartilaginous  cup 
placed  on  the  side  of  the  vertebra,  or  rather  between  it  and  the 
one  immediately  above  it.  The  rib  thus  is  connected  with  the 
(spine  by  a regular  joint  allowing  motion,  and  we  have  the  never- 
I Tailing  accompaniment  of  such  a structure,  the  synovial  mem- 
brane secreting  joint-oil.  Setting  out,  then,  from  this  point,  the 
rib  is  curved  round  the  side  so  as  to  gam  the  front  of  the  body ; 
but  beside  this  curve  forward,  it  has  also  an  inclination  down- 
l wards,  the  consequence  of  which  is,  that  any  force  tending  to 
<lraw  it  upwards  draws  it  at  the  same  time  outwards,  and  so 
mlarges  the  capacity  of  the  chest.  The  seven  upper  ribs  passing 
round  are  directly  connected  with  the  breast-hone  by  means  of 
pieces  of  cartilage  continuing  them  into  little  sockets  along  its 
sides;  while  the  five  lower  have  no  such  connexion,  hut  run  their 
cartilages  each  to  the  rib  above  them,  forming  a retiring  margin, 
I which  any  one  may  feel  in  himself,  sloping  away  from  the  bottom 
|jf  the  breast-bone,  round  the  sides  of  the  belly,  towards  the  back. 
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These  five  ribs  are  called  false.  Perhaps,  as  we  write  for  persons 
who  may  not  have  an  opportunity  of  examining  a skeleton,  it 
may  not  be  unnecessary  to  say,  that  the  number  of  ribs  at  each 
side  is  always  the  same.  The  well-known  popular  error  of 
believing  that  a man  has  one  rib  more  at  his  right  side  than  his 
left,  has  arisen  from  a hasty  misconception  of  the  circumstances 


Profile  View  of  Thorax ; distinguishing  ltib  front  Cartilage. 

B B is  the  back-hone;  S S the  sternum,  or  breast-bone;  C the  clavicle,  or  collar-  1 
bone ; and  IC  the  scapula,  or  blade-bone.  The  ribs  are  numbered  from  above  I 
downwards. 
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H.  attending  the  creation  of  woman.  It  is  evident  that  the  as- 

■ sumption  is  quite  gratuitous,  for  we  know  that  a man  who  has 

■ had  a leg  removed,  for  instance,  may  afterwards  have  a child 

■ bom  with  the  usual  proportion  of  members ; most  horses  have 
B their  tails  docked,  yet  we  never  saw  a foal  born  in  this  condition. 

Such  are  the  bony  walls  of  the  chest : in  the  intervals  between 
B the  ribs,  and  connecting  them  together,  are  placed  the  muscles 
B called  intercostal.  The  contraction  of  these  will  evidently  tend 
B to  draw  the  ribs  towards  one  another,  and  as  the  first  rib  is  the 
B most  fixed,  the  motion  is  made  in  that  direction.  Above,  there 
B is  no  distinct  partition  between  the  chest  and  the  neck,  but  it  is 
B usual  to  say,  the  former  begins  and  the  latter  ends  at  the  first 
B rib.  Below,  however,  the  chest  is  clearly  and  perfectly  divided 

IT  from  the  abdomen,  by  the  muscular  partition  before  alluded  to, 
I and  known  by  the  name  of  midriff  or  diaphragm.*  This  singu- 
■ lar  muscle  passes  like  an  arch  over  the  contents  of  the  abdomen, 
I descending,  however,  much  further  behind  than  before.  Its 
B convexity  is  directed  upwards  into  the  chest,  so  that  its  contrac- 
B tion,  tending  to  draw  it  downwards  and  more  nearly  to  a plane 
B surface,  must  evidently  enlarge  the  capacity  of  the  chest  and 
B dimiuish  that  of  the  abdomen.  Any  person  may  obtain  a good 
B idea  of  this  muscle,  by  fancying  to  himself  a vaulted  partition 
B stretching  completely  across  his  body,  attached  in  front  where  he 
B can  feel  the  termination  of  Iris  breast-bone,  from  that,  along  the 
B sides,  to  the  margin  of  the  ribs,  and  behind  to  the  spine  as  low 
B down  as  the  top  of  the  loins.  From  the  knowledge  he  has 
B already  obtained  (supposing  him  to  have  read  through  our  pre- 
B vious  chapters),  it  will  also  strike  him  that  this  partition  must 
B have  some  openings  in  it  to  give  passage  to  parts  that  run  from 
B the  chest  to  the  abdomen,  or  vice  versa.  And  he  would  be  per- 
■ fectly  right.  The  gullet  runs  from  the  mouth  along  the  back 
1 1 part  of  the  chest  to  the  stomach,  which  is  in  the  abdomen ; it 
1 1 therefore  penetrates  the  partition,  and  a distinct  hole  is  left  for 


* Diaphragm,  a partition  between: 

shut  up. 


from  5ia,  between,  aiut  (/>paa<rw,  to 
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its  passage.  The  aorta  also,  carrying  blood  to  the  abdomen  and 
lower  extremities,  must  pass  through  this  partition,  and  a second 
opening  is  left  for  it : of  this  opening  the  thoracic  duct  takes 
advantage  to  pass  up,  conveying  the  chyle  to  the  vein  which  is 
to  pour  it  into  the  heart.  But  a third  aperture  is  necessary,  for 
the  vena  cava  must  bring  back  to  the  heart  the  blood  which  the 
aorta  took  out.  This  third  aperture  accordingly  exists: — in  : 
short,  reason  never  evinces  a want  for  which  examination  does 
not  produce  a corresponding  structure ; and  this  it  is,  that 
makes  the  argument  taken  from  the  evidences  of  design  so  per- 
fect and  irresistible. 

The  diaphragm,  by  its  contraction,  enlarges  the  chest ; the 
consequence  of  this  is,  that  a quantity  of  fresh  air  rushes  in  from 
without  to  fill  up  the  space  thus  left.  We  must,  of  course,  next  ; 
examine  the  passage  through  which  it  enters.  This  is  the  wind- 
pipe, which  we  can  feel  distinctly  running  along  the  centre-line 
of  the  neck,  and  placed  in  front  of  the  gullet.  It  is  a round 
tube,  having  at  intervals  little  cartilaginous  hoops,  the  object  of 
which  is  to  keep  it  constantly  open.  At  its  summit,  is  placed  : 
the  larynx,  which  we  shall  describe  more  particularly  when  : 
speaking  of  the  organs  of  voice.  At  present,  we  are  considering  : 
it  merely  as  the  pipe  or  tube  through  which  air  passes  to  the 
lungs.  Arrived  at  the  bottom  of  the  neck  it  divides  into  two 
branches,  one  going  to  each  lung,  and,  before  long,  these  further  t 
subdivide,  the  one  going  to  the  right  lung  into  three,  because  the 
right  lung  has  three  lobes ; the  one  going  to  the  left  into  two,  ' 
because  the  left  lung  has  but  two  lobes.  The  cause  of  this  t 

difference  is  supposed  to  be  that  the  heart,  lying  at  the  left  side 
of  the  chest,  occupies  the  space  which  at  the  right  side  is  filled  • 

by  the  third  lobe. 

After  this,  the  divisions  and  subdivisions  of  these  bronchial 
tubes,  as  they  are  called,  become  exceedingly  numerous,  and  • 

after  they  have  attained  a great  degree  of  fineness,  they  termi-  ! 

nate  in  little  rounded  sacs,  something  like  bunches  of  currants  at 
the  end  of  the  stalks.  The  number  of  these  terminating  sacs,  or 
cells,  lias  been  computed  by  Iveill  at  1,744,000,000  in  each  lung ; 
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I and  Lieberkuhn,  with  equal  exaggeration,  makes  their  surface 
||  equal  to  1500  square  feet.  But  without  attempting  to  settle 
B this  point,  let  us  rather  consider  the  structure  of  these  tubes  and 
B cells.  The  hoop-like  cartilages  of  which  we  have  spoken  do  not 
B pass  quite  round  the  windpipe,  but  form  about  two-thirds  of  the 
B circle,  their  extremities  being  connected  by  muscular  fibres.  By 
ftl  means  of  these  fibres  we  are  enabled  to  contract  the  tube,  which 
B is  of  use  in  bringing  up  phlegm,  as  the  air  expelled  from 
B the  lungs  by  coughing  or  hemming  must  pass  with  more  force  in 
B proportion  as  the  passage  is  narrower. 

Their  situation,  also,  is  an  evidence  of  foresight : — they  are 
B placed  behind  where  the  windpipe  is  in  contact  with  the  gullet, 
and  where,  therefore,  cartilaginous  rings  would  be  an  impedi- 
j ment  to  swallowing ; while  these  latter  occupy  the  front  and  sides 
J of  the  windpipe,  where  they  support  it  against  atmospheric 

1 pressure,  and  enable  it  to  resist  the  tendency  to  collapse. 

The  cartilages  become  less  evident  as  the  bronchial  tubes  be- 
come smaller,  and  at  last  entirely  disappear ; their  place  being, 
it  is  said,  occupied  altogether  by  muscular  fibres.  The  lining 
membrane  of  these  tubes  is  of  the  same  description,  and  furnished 
in  the  same  manner  as  the  lining  membrane  of  the  alimentary 
canal.  The  skin,  turned  in,  as  we  have  seen,  over  the  lips,  alters 
its  qualities,  becomes  a mucous  membrane,  furnished  with  glands, 
and  moistened  with  a constant  secretion ; it  enters  the  throat, 
one  division  passing  down  the  gullet  to  the  stomach,  while  the 
other  lines  the  windpipe  and  goes  on  to  the  lungs.  It  is  this 
membrane  which  finally  forms  the  minute  air-cells  in  which  these 
tubes  terminate.  Around  these  tubes  wind  the  capillary  branches 
of  the  pulmonary  artery,  bringing  black  blood  from  the  right 
side  of  the  heart,  the  air  taken  into  the  cells  readily  acts  on  it 
through  their  delicate  membranous  sides,  the  blood  is  reddened 
or  arterialized,  and  so  passed  on  to  the  left  auricle this  is  the 
pulmonary  circulation. 

The  lungs  themselves  are  two  spongy,  light,  expanding 
Boodies,  composed  of  a number  of  these  minute  cells  connected 
■together  by  cellular  membrane,  and  surrounded  by  ramifications 
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of  blood-vessels,  constantly  in  close  apposition  with  the  sides  of 
the  chest,  and  only  separated  from  them  by  the  pleura,  serous 
sacs,  which  by  one  surface  invest  the  lungs,  while,  by  the  other, 
they  line  the  inside  of  the  ribs.  From  this  description,  it  will 
appear  that  the  air-cells  have  no  direct  communication  amongst 
themselves,  nor  with  the  cellular  structure  by  which  they  are 
surrounded;  their  only  opening  is  into  the  bronchial  tubes. 
Such  a communication  may,  however,  be  made  unnaturally,  and 
is  generally  the  result  of  violent  straining  or  exertion,  made  when 
the  air-cells  are  full.  Under  these  circumstances,  a rupture  of 
their  sides  may  occur,  and  the  air  which  they  contain  will  be 
diffused  in  the  cellular  membrane  pressing  on  the  air-cells  in 
the  neighbourhood.  Now,  since  this  air  may  increase  at  each 
inspiration,  while  from  its  irregular  situation  it  cannot  be  so 
easily  expelled  during  expiration,  we  see  that  the  pressure  on 
the  air-cells  may  at  length  be  so  great,  as  to  shut  them  up  and 
render  that  part  of  the  lung  useless.  This  is  a form  of  disease 
not  very  uncommon,  and  it  occasionally  results  from  long 
playing  on  wind  instruments,  such  as  the  trumpet,  which  re- 
quire much  air  to  be  kept  in  the  chest.  When  it  occurs  in 
horses,  it  generally  results  from  their  being  run  too  hard,  and  the 
animal  is  said  to  be  broken-winded.  The  possibility  of  such 
rupture  talcing  place  should  always  be  carefully  kept  in  mind 
when  attempting  to  resuscitate  a person  after  drowning. 
Forcing  in  air  too  fast,  and  with  too  much  violence,  will  inevit- 
ably break  up  these  fine  cells  and  the  vessels  that  surround 
them,  and  so  render  revival  impossible. 

The  lightness  of  the  lung  results  from  the  quantity  of  air 
contained  in  its  substauce,  and  this  is  so  great,  that  the  lung  of 
a person  who  has  once  breathed  will  not  sink  in  water.  In 
the  foetus,  however,  in  which  respiration  lias  never  taken 
place,  the  lung  is  a thick  fleshy  body,  with  its  little  cells  closed 
up,  so  that  it  readily  sinks.  This,  in  the  case  of  inquests  held 
on  dead  infants,  whose  bodies  bore  no  mark  of  violence,  lias 
enabled  the  medical  witness  to  testify  whether  or  not  they 
had  been  still-born.  It  is  necessary,  however,  in  such  cases,  to 
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ascertain  that  putrefaction  has  not  set  in,  as  this,  by  the  disen- 
gagement of  gases,  might  cause  the  lung  to  swim,  though  the 
child  had  never  breathed. 

Let  us  suppose  an  empty  bladder  placed  inside  a bellows, 
with  its  neck  fitted  tightly  around  the  inner  opening  of  the  pipe. 
If  now  we  lift  the  upper  side  of  the  bellows,  closing  the  aperture, 
which  is  in  the  under-leaf,  ah-  will  rush  in  through  the  pipe,  and 
fill  the  bladder,  but  if  we  let  go,  the  upper  lid  will  gradually 
descend,  forcing  the  air  out  of  the  bladder  until  it  is  empty  as  it 
was  before.  This  almost  describes  the  mechanism  of  respiration. 
The  lungs  are  not  a bladder,  but  a collection  of  many  bladders 
(the  air-cells),  each  communicating  through  the  bronchial  tubes 
with  the  wind-pipe.  The  sides  of  the  bellows  are  the  diaphragm, 
and  the  ribs  with  their  intercostal  muscles.  When  they  act,  the 
capacity  of  the  chest  is  increased,  the  diaphragm  sinking  down 
into  the  abdomen,  and  the  intercostal  muscles  raising  and  drawing 
outwards  the  ribs  and  breast-bone.  To  fill  this  enlarged  space, 
air  rushes  in  through  the  -wind-pipe,  and  distends  all  the  little 
bladders:  this  is  inspiration.  The  muscles  then  cease  to  act; 
they  let  go,  and  the  elasticity  of  the  lungs  coming  into  play, 
causes  them  to  expel  the  ah-  that  had  been  taken  in;  the 
diaphragm,  following  the  lungs  as  they  shrink,  retires  again  into 
the  chest ; the  ribs  fall  inwards  to  their  old  situation : this  is 
expiration.  The  elasticity  of  the  lungs  is  not,  however,  totally 
unassisted  in  expelling  the  air ; we  must  allow  something  for 
the  elasticity  of  the  cartilage  by  which  the  ribs  are  joined  to 
the  breast-bone,  and  which,  having  been  unduly  thrown  up 
during  inspiration,  will,  of  course,  react  and  press  on  the  lungs 
in  expiration.  We  thus  see  that  there  is  more  active  exertion  in 
inspiration,  which  depends  for  its  performance  on  muscles,  while 
expiration,  like  the  closing  of  the  bellows,  is,  in  a great  measure, 
passive. 

If  a part  of  the  walls  of  the  chest  be  cut  away,  so  as  to  leave 
the  lungs  exposed,  to  a certain  extent,  respiration  can  no  longer 
go  on  at  that  side ; for  now  the  air  admitted  to  press  on  the 
surface  of  the  lung,  counterbalances  that  which  endeavours  to 
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find  its  way  through  the  wind-pipe  and  dilate  the  lung,  conse- 
quently these  powers  being  equal,  the  elasticity  of  the  lung 
remains  without  any  antagonist,  and  therefore  causes  the  lung 
to  collapse  and  shrink  against  the  hack  of  the  chest.  This 
collapse  is  more  complete,  if  the  lung  he  opened  during  life, 
than  after  death,  whence  some  have  conceived  that,  in  the  former 
case,  the  elasticity  must  he  assisted  hy  certain  very  minute  mus- 
cular fibres,  which  they  suppose  to  surround  the  air-cells.  This 
opinion  was  maintained  at  some  length  hy  Dr.  Willis,  in  opposi- 
tion to  Etmuller,  and  he  even  went  so  far  as  to  say  that  their 
existence  was  demonstrable  by  the  assistance  of  a microscope. 
His  eyes,  however,  must  have  been  sharper,  or  his  glasses  better, 
than  those  of  the  present  generation.  Reisseisen,  who  has,  in 
our  days,  supported  this  opinion  in  a most  admirable  essay  on 
the  structure  of  the  lungs,  endeavours  to  make  it  good,  rather 
by  argument  than  an  appeal  to  the  senses:  and  he  principally 
supports  himself  by  the  fact  we  have  mentioned,  of  the  more 
evident  collapse  during  life,  and  by  Yarnier’s  experiments,  in 
which  a notable  contraction  occurred  on  the  injection  of  stimu- 
lating fluids.  These  we  cannot  consider  satisfactory  proofs : the 
muscles  of  the  bronchial  tubes  would  contract  when  irritated 
and  draw  down  the  lung  with  them,  and,  as  to  the  different 
extent  of  collapse  before  and  after  death,  even  Sir  Charles  Bell, 
the  great  advocate  of  muscular  fibres,  whenever  they  can  be 
‘ seen,  felt,  or  understood,’  admits  this  difference  between  living 
and  dead  elasticity,  that  in  the  former  the  resistance  is  perfect, 
while  in  the  latter  it  is  incomplete ; and  he  happily  exemplifies 
his  opinion  by  referring  to  the  Urine/  elastic  ligament  in  the  neck 
of  a*  horse,  which,  however  often  strained,  always  resumes  its 
original  dimensions,  and,  on  the  other  hand,  to  the  dead  elastic 
string  of  a harp,  which,  on  being  stretched,  yields,  and  requires 
to  be  screwed  up  afresh  to  bring  it  to  its  proper  tone.  The  amount 
of  this  elasticity,  or  the  force  by  which  the  lungs  themselves 
assist  in  expiration,  and  antagonize  the  efforts  of  the  diaphragm, 
has  been  investigated  by  Dr.  Carson,  with  his  usual  ingenuity, 
paper  read  before  the  Royal  Society  in  iSeo,  and  to  be  found 
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in  their  Transactions  for  that  year.  His  apparatus  was  extremely 
simple. 

An  oblong  glass  globe, 
containing  nearly  two  quarts, 
lad  tubular  openings  at  each 
end  a and  b.  A glass  tube, 
eai-ly  three  feet  in  length, 
and  bent  at  one  end,  was 
joined  by  the  blowpipe  to  the 
opening  at  b,  and  is  repre- 
sented by  b c.  To  the  other 
-pening  at  A,  a shorter  tube 
as  joined  in  the  same  man- 
er,  and  in  the  form  ad.  A 

free  passage  was  established  from  D to  c,  where  the  tubes  were 
both  open.  To  d a piece  of  the  dried  gut  of  some  animal  was 
ound,  of  a few  inches  in  length.  The  other  end  of  the  gut  was 
~ed  to  a cylindrical  tube  of  bone,  metal,  or  wood,  also  of  a few 
"nches  in  length,  and  of  a diameter  corresponding  with  the 
'ameter  of  the  wind-pipe  of  the  animal  which  was  to  be  the 
subject  of  the  experiment.  The  wind-pipe  of  an  animal,  which 
ad  been  recently  killed,  was  divided  across  near  the  throat,  the 
cylindrical  tube  of  bone  was  inserted,  and  tied  so  tightly,  that  no 
lir  could  pass  between  the  external  surface  of  the  tube  and  the 
uternal  surface  of  the  wind-pipe.  An  open  and  secure  passage 
ras  thus  established  between  the  glass  apparatus  and  the  wind- 
pipe, and,  of  course,  the  lungs  of  the  animal.  Water  was  then 
)Oured  into  the  apparatus  at  c,  until  it  stood  in  the  upright  tube 
rj  B,  at  a certain  height  above  the  level  of  the  water  in  the  glass 
dobe.  The  apparatus  was  now  prepared  for  use.  Some  of  his 
■arlier  experiments  failed,  either  in  consequence  of  the  lungs 
*ing  rounded,  or  the  globe  too  small,  or  the  tube  not  sufli- 
iently  high,  particularly  when  the  larger  animals  were  examined, 
laving  taken  much  care  to  obviate  all  these  accidents,  lie  at 
ength  succeeded  fully  in  the  following  experiment.  On  the  31st 
f October,  1817,  the  apparatus  was  applied  to  the  trachea  of  a 
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dog,  which  had  been  hanged  on  the  preceding  day.  Water  was 
poured  in  until  it  stood  in  the  upright  tube,  at  the  height  of  six 
inches  above  its  level  in  the  globe.  By  incisions  made  at  both 
sides  air  was  cautiously  admitted  to  the  surface  of  the  lungs. 
The  water  ascended  instantly  about  an  inch  in  the  upright  tube, 
and  the  lungs  were  found  to  have  receded  from  the  openings. 
Now  the  atmospheric  pressure  on  the  surface  of  the  lungs 
exactly  counterbalanced  that  on  the  surface  of  the  water  in  the 
tube  B c.  These  powers  may,  therefore,  be  taken  away,  and 
there  will  remain  the  weight  of  the  column  of  water  in  bc, 
above  the  level  of  the  water  in  a b,  tending  to  press  the  air  in  the  • 
upper  part  of  a b into  the  lungs,  and,  on  the  other  hand,  the 
elasticity  of  the  lungs  tending  to  drive  back  the  air  which  they 
contain  into  a b,  depress  the  water  in  it,  and  consequently  raise  r 
that  in  b c.  This,  as  we  have  seen,  occurred  in  the  present  • 
experiment.  The  conclusion,  therefore,  was  that  the  elasticity  of  - 
the  lungs  of  a dog  was  able  to  overcome  the  pressure  of  a 
column  of  water,  six  inches  in  height.  Water  was  now  added, 
until  its  level  in  the  tube  above  that  in  the  globe  stood  at  thej  t 
height  of  ten  inches.  This  degree  of  pressure  seemed  equal  tcj  t 
the  elasticity ; the  water  in  the  tube  continued  steadily  at  thel : 
same  height,  and  the  lungs  continued  fully  dilated.  ‘Thelb 
appearance  which  the  lungs  exhibited  in  this  situation  was  noveil  t 
and  interesting,  and  was,  no  doubt,  the  same  which  they  would! : 
have  exhibited  in  the  living  body,  had  it  been  possible  to  bring! ; 
them  into  view.  Their  surface  was  smooth  and  polished,  and  theii 
edges  rounded,  without  any  of  those  corrugations  and  sharj 
angles  which  they  usually  exhibit.  Their  colour  was  red,  an< 
life-like.  They  felt  firm  to  the  touch.  The  heart  appeared  lik( 
a bird  nearly  covered  by  its  nest.’ 

From  this,  and  a number  of  similar  experiments,  Dr.  Carsoi 
has  shown  that  in  calves,  sheep,  and  in  large  dogs,  the  elasticity 
of  the  lungs  was  balanced  by  a column  of  water,  varying  ii 
height  from  one  foot  to  a foot  and  a half:  and  in  rabbits  am 
cats  by  a column  of  water,  varying  in  height  from  six  to  te 
inches.  From  a defect  in  the  apparatus,  the  extent  of  the  powe 
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in  question  could  not  be  ascertained  in  the  lungs  of  oxen  and 
animals  of  their  size,  but  it  was  proved  to  exceed,  considerably, 
the  force  necessary  to  support  a column  of  water  a foot  and  a 
half  in  height  above  its  level. 

In  all  this,  it  will  be  observed,  there  is  nothing  said  of  mus- 
cular fibres,  elasticity  appearing  quite  sufficient  for  everything 
that  is  to  be  done. 

The  general  shape  of  the  lungs  in  man,  and  the  other 
mammalia,  Is  adapted  to  that  of  the  cavity  which  contains 
them.  It  may,  therefore,  be  described  as  conical,  the  smaller 
■ extremity  situated  towards  the  neck,  the  base  large  and  con- 
cave, to  adapt  itself  to  the  diaphragm,  while  the  intermediate 
surface  is  full  and  rounded,  to  fill  the  hollow  space  comprised 
within  the  ribs.  In  birds,  however,  it  is  far  otherwise.  The 
lungs  are  small,  oblong,  fleshy  bodies,  situated  close  up  against 
the  spine,  where  they  are  quite  immoveable.  Such  bodies,  it  is 
evident,  would  never  answer  for  the  abundant  respiration  re- 
^ 1 quired  by  animals  so  rapid,  impetuous,  and  incessantly  in 
’j,  motion.  They  are,  therefore,  connected  with  large  thin  sacs 
.j  made  of  a very  fine  transparent  membrane,  which  penetrating, 
not  only  into  the  chest  and  abdomen,  but  beneath  the  skin  into 
•v,  the  cavities  of  the  bones,  and  even  into  the  tubes  of  the  feathers, 
i ; once  serve  to  render  the  animal  light  and  buoyant,  and  afford 
ji  most  extensive  surfaces  upon  which  the  blood  may  be  exposed 
jj  to  the  influence  of  the  air.  It  is  evident  that  a diaphragm 
,0  could  not  have  the  same  effect  in  filling  these  cells  with  air,  as 
- it  exercises  over  the  lungs  of  mammalia.  The  consequence  is, 
v that  as  it  could  not  be  of  use,  it  does  not  exist.  Perhaps  it 
will  be  more  proper  to  say  that  a thin  membranous  partition, 
occupying  its  place,  is  to  be  found  over  the  lungs  of  birds ; but 
. ® general  it  has  so  few  muscular  fibres,  that  it  can  scarcely  be 
;tf  considered  as  having  any  power  of  contraction,  or  exercising  any 
. j influence  over  respiration.  In  the  ostrich,  however,  and  the 
i cassowary,  birds  that  never  fly,  these  fibres  become  distinct 
muscles,  attached  along  the  ribs,  and  ascending  towards  the 
i lungs,  the  inferior  surface  of  which  they  border  by  a large  firm 
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membrane,  in  which  they  terminate,  and  which  forms  a con- 
tinuous vaulted  connexion,  approaching  so  nearly  the  nature 
and  appearance  of  a diaphragm,  as  to  form  an  evident  bnV 
between  the  respiratory  systems  of  aerial  and  terrestrial  crea- 
tures. This  fact,  for  which  we  are  principally  indebted  to  the 
researches  of  the  old  Parisian  dissectors,  is  exactly  what  sound 
reasoning  would  have  led  us  to  conclude  respecting  animals, , 
which  by  structure  belong  to  one  of  these  classes,  while  by  habit 
they  are  more  allied  to  the  other.  Birds  being  thus  deprived  of 
the  diaphragm,  at  least  as  an  efficient  organ  of  inspiration,  we 
must  consider  how  its  place  is  supplied.  And  in  examining  the 
bony  walls  of  the  chest  of  birds,  we  perceive  that  the  separate  • 
vertebrae  of  the  spine,  which  in  our  backs  are  so  pliant  and 
flexible,  readily  yielding  to  every  motion,  no  longer  retain  this 
property,  but  are  bound  together  by  Arm  lateral  ligaments,  so 
as  to  be  perfectly  stiff  and  immoveable ; sometimes  even  the 
spinous  processes  growing  completely  together  in  the  form  of  a 
ridge,  so  as  to  convert  the  vertebrae  into  a single  bone.  Xow, 
as  muscles  are  only  given  for  motion,  they  would  be  of  no  use 
here,  and  every  one  knows  how  completely  bare  of  flesh  is  the 
back  of  a bird.  The  reason  of  this  inflexibility  is  next  to  be 
sought,  and  it  readily  occurs,  that  as  motion,  to  be  effectual, 
must  be  made  from  a resisting  point,  and  as  the  motions  of 
the  wings  in  flight  are  extremely  powerful,  it  was  necessary 
that  the  spine  which  is  placed  between  them  should  possess 
this  quality.  Were  any  confirmation  of  this  idea  requisite,  it  is 
to  be  found  in  such  birds  as  do  not  fly,  in  whom  the  spine  still 
continues  moveable. 

Equally  remarkable  changes  are  to  be  found  in  the  ribs, 
which  the  following  sketch  will  assist  us  in  understanding 
more  clearly.  We  have  already  mentioned  that  the  ribs  in 
our  chest  do  not  pass  completely  round  from  the  spine  to  the 
breast-bone,  but  are  connected  in  front  with  the  latter  by 
means  of  elastic  slips  of  cartilage,  and  we  have  had  occasion  to 
remark  some  of  the  advantages  derived  from  this  elasticity. 
But  did  the  same  provision  exist  in  the  eagle,  which  cleaves  its 
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way  through  the  air  with  such  rapidity  as  to  disappear  from 
our  view,  in  a clear  atmosphere,  in  less  than  three  minutes,  or 
darts  from  the  cliff  with  the  rapidity  of  lightning  to  seize  its 


Skeleton  of  Bird. 

The  right  wing  has  been  cut  away,  in  order  that,  the  direction  and 
joining  of  the  ribs  may  be  seen. 

prey  that  our  eye  can  scarce  distinguish  beneath,  would  there 
not  he  an  evident  danger  that  the  air  removed  with  such  im- 
mense velocity  would  exert  such  a force  as  to  press  in  the 
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breast-bone,  and  the  yielding  cartilages  on  which  it  rested,  and 
so  impede  or  interrupt  the  function  of  respiration  ? To  guard 
against  the  possibility  of  this,  the  cartilages  are  taken  away, 
and  their  place  supplied  by  solid  bone.  These  bones,  a,  pro- 
ceeding from  the  sternum,  go  to  meet  the  ribs,  L,  arising  from 
the  spine,  but  not  directly ; they  meet,  as  may  be  observed, 
at  an  angle,  and  at  this  angle  is  formed  a joint.  The  open- 
ings of  these  angles  all  look  towards  the  head.  Between  the 
bones  pass,  as  in  us,  the  intercostal  muscles,  and  as  their  fixed 
point  is  above  where  the  furdform  bone  (commonly  known  as 
the  merrythought)  and  the  large  processes  from  the  blade-bones 
run  to  join  the  breast-bone,  s,  it  is  evident  the  action  of  these 
muscles  will  be  to  draw  the  ribs  forward.  This  will  necessarily 
enlarge  the  angle  at  their  joinings,  in  consequence  of  which 
then  extremities  must  become  more  apart;  therefore  the  in- 
terval between  the  breast-bone  and  spine  will  be  increased, 
which,  as  the  latter  is  immoveable,  can  only  be  done  by  thrust- 
ing down  the  former  to  the  line  indicated.  But  the  breast- 
bone lies  just  around  those  large  air-sacs  which  we  have 
described  as  situated  in  the  chest  and  abdomen,  therefore,  when 
it  is  depressed,  pressure  is  taken  off  these,  room  is  given,  and 
fresh  air  must  rush  in  to  fill  it.  In  doing  this  it  passes  through 
the  lungs,  which  are  the  only  channel  of  communication  between 
the  wind-pipe  and  these  cells. 

Such  is  the  mechanism  of  inspiration  in  birds.  Expiration 
is  still  more  simply  performed,  depending  chiefly  on  the 
muscles  of  the  belly,  which  being  attached  to  the  lower  ex- 
tremity of  the  breast-hone  draw  it  up  again  towards  the  verte- 
bral column,  the  intercostal  muscles,  at  the  same  time,  ceasing 
to  act.  Some  slight  assistance  may  also  be  derived  from  the 
elasticity  of  the  lungs.  The  view  given  by  the  French  dis- 
sectors, though  now  a century  old,  is  one  of  the  most  accurate 
we  have  of  these  peculiarities  of  the  respiratory  system  of 
birds. 

John  Hunter  was  of  opinion  that  the  principal  use  of  the 
air-cells  was  to  serve  as  reservoirs  of  air,  in  order  that  there 
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should  he  the  less  frequent  necessity  for  respiration  during 
rapid  flight,  when  it  might  well  be  supposed  to  be  accompanied 
with  some  difficulty.  He  also  thought  it  might  be  the  means 
of  permitting  such  vast  continuance  of  song  as  birds  can  pour 
out  without  an  interval  for  breathing.  The  same  structure 
is  to  he  found  in  reptiles,  and  in  them  certainly  respiration 


Lungs  and  Air-Cells  of  Ostrich. 

t,  the  wind-pipe  ; e r,  the  flashy  lungs ; 1,2,3,  the  large  air-cells,  into  which 
the  air  passes  through  the  holes  a g g ; a,  the  heart ; b,  the  stomach ; 
e,  the  intestines;  all  inclosed  In,  or  surrounded  by,  air-cells. 

is  very  rare  and  unfrequent.  The  idea  also  of  its  giving 
lightness,  in  consequence  of  the  air  in  these  cells  being  rarefied 
by  the  heat  of  the  body,  has  been  suggested.  The  swimming- 
bladder  of  the  fish  is  much  more  obviously  for  this  purpose. 

It  would  appear  that  birds  have  the  power,  by  closing  the 
glottis,  of  forcing  air  into  those  cells,  and  swelling  out  the  parts 
in  which  they  lie.  This  is  more  evident  when  the  cells  arc 
placed  immediately  under  the  skin,  and  is  generally  a mark  of 
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passion,  as  appears  clearly  in  the  turkey-cock,  the  pouting 
pigeon,  &c.  It  is  extremely  visible  in  the  breast  of  a goose 
when  she  cackles.  To  show  the  universal  communication  of 
these  cells,  John  Hunter  succeeded  in  making  birds  breathe 
through  an  opening  in  the  thigh-bone,  the  shoulder-hone,  and 
the  cells  of  the  belly,  after  he  had  completely  tied  up  the  wind- 
pipe. These  singular  experiments  will  be  found  recorded  in 
vol.  LX iv.  of  the  Philosophical  Transactions. 

Birds,  we  thus  see,  breathe  principally  by  the  assistance  of 
their  ribs  : beasts  by  the  diaphragm ; but  when  we  descend 
still  further,  and  come  to  examine  certain  reptiles,  of  the  frog 
and  tortoise  kind,  we  find  that  they  have  neither  diaphragm  nor 
ribs,  or  have  the  latter  so  short  or  so  firmly  fixed  as  to  be  of  no 
use  in  enlarging  the  cavity  of  the  chest:  how  then  do  they 
breathe  ? They  swallow  air. 

A frog,  when  it  wishes  to  make  an  inspiration,  first  shuts 
its  mouth.  It  then,  by  the  action  of  the  muscles  of  its  throat, 
causes  a vacuum  in  this  part,  to  fill  which  air  immediately 
enters  through  the  nostrils.  Having  gotten  the  ah-  thus  far, 
holding  its  mouth  still  closed,  it  proceeds  to  prevent  its  return 
through  the  nostrils  by  means  of  a valve,  as  Cuvier  says,  or  as 
this  valve  has  never  been  clearly  made  out,  by  the  back  of  its 
tongue,  as  Cloquet  suggests.  At  the  same  time  it  contracts  the 
muscles  around  the  passage  of  the  stomach,  and  then  presses  on 
the  air,  which  is  necessarily  driven  down  to  the  lungs  through 
the  wind-pipe,  the  only  course  now  open  to  it.  These  lungs 
are  composed  of  a number  of  large  air-cells,  and  nm  down  into 
the  belly  of  the  animal,  by  the  muscles  of  which  they  can  be 
completely  emptied  of  air.  It  has  been  said  this  power  is  of 
use  to  frogs  when  the}-  dive,  as  it  enables  them  to  diminish  their 
bulk,  and  increase  their  specific  gravity.  The  action  of  the 
abdominal  muscles  on  the  lungs  is  at  once  evident,  when  we 
open  a living  frog,  by  removing  these  muscles,  for  then  the  air- 
cells  swell  up,  and  remain  permanently  dilated,  the  animal 
having  no  longer  the  power  to  empty  them.  This  also  shows 
that  the  elasticity  of  the  lungs  in  frogs  is  very  weak.  From 
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the  mode  of  inspiration  above  described,  it  is  evident  that,  to 
smother  a frog,  nothing  more  is  necessary  than  to  keep  its 
mouth  constantly  open. 

In  the  other  orders  of  reptiles,  the  lizard  and  serpent  kind, 
respiration  approaches  more  to  that  of  birds,  being  chiefly  per- 
formed by  the  ribs  and  muscles  of  the  belly.  In  lizards  particu- 
larly, the  ribs  are  composed  of  two  parts,  united  at  an  angle, 
exactly  as  occurs  in  birds,  and  it  is  by  the  opening  of  this  angle 
that  the  chest  is  enlarged.  Of  this  order  is  the  chameleon,  the 
lungs  of  which  are  so  extensive,  that  when  they  are  filled,  the 
body  of  the  animal  appears  transparent.  It  was  from  this  that 
the  ancients  fabled  this  animal  to  live  on  air : we  now  know  that 
it  Is  an  expert  insect-catcher,  and  has  a tongue  admirably 
adapted  for  the  purpose.  Its  faculty  of  changing  colour  seems 
also  connected  with  this  organization,  and  we  can  readily  conceive 
the  variety  of  shades  according  as  the  animal  is  more  or  less  in- 
flated, sends  its  blood  in  greater  or  less  quantity  to  the  surface, 
or  has  that  blood  more  or  less  perfectly  coloured.  For  respira- 
tion in  these  animals  is  by  no  means  so  necessary,  or  so  equally 
performed,  as  in  birds  and  mammalia.  They  appear  to  have  it 
more  under  the  control  of  the  will;  they  can  abstain  from  it  for 
a considerable  time,  which,  however,  seems  to  be  influenced  by 
external  circumstances,  such  as  temperature.  The  most  remark- 
able instance  of  this  is  the  torpidity,  or  hybernation  as  it  is 
called,  of  these  animals  during  the  cold  season  of  winter,  when 
they  may  be  seen  to  lie  for  an  hour  together,  without  making  a 
single  inspiration,  their  heart,  meanwhile,  scarcely  beating,  their 
senses  all  buried  in  deep  sleep,  and  their  state  differing  but  little 
from  death.  No  sooner,  however,  does  spring  with  its  genial 
warmth  return,  than  they  acknowledge  its  vivifying  influence, 
and  emerge  from  their  holes  and  caverns,  till  again  warned  to 
return  by  the  chill  autumnal  blast. 

Another  remarkable  fact  connected  with  this  class  of  animals 
is,  that  some  of  them  undergo  metamorphoses , representing,  at 
the  commencement  of  their  lives,  animals  inferior  to  themselves 
in  the  scale,  and  appearing  only  to  arrive  by  degrees  at  them  full 
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and  proper  development.  Thus  a frog,  in  its  tadpole  state,  is  an 
aquatic  animal — a fish ; and  like  fishes,  it  has  a tail  and  breathes 
by  gills.  This  species  of  respiration  we  shall  explain  below. 
After,  however,  passing  some  time  in  this  state,  its  tail  dis- 
appears, its  gills  are  absorbed,  lungs  are  developed,  limbs  spring 
from  its  formerly  smooth  body,  it  leaves  the  water  and  comes  on 
land,  it  is  no  longer  aquatic  but  terrestrial,  no  longer  a fish  but 
a reptile.  During  these  transformations,  corresponding  changes 
are  going  on  within,  and  it  is  a beautiful  instance  of  prospective 
design,  to  observe  how  the  little  branches,  apparently  useless, 
that  spring  from  the  trunks  going  to  the  gills,  gradually  enlarg- 
ing, draw  off'  the  blood  more  and  more  from  the  circumference 
towards  the  centre,  till  at  last,  when  the  gills  have  finally  disap- 
peared, all  the  blood  which  used  to  go  to  them  is  found  to  have 
passed  into  these  new  channels,  which  united  together,  constitute 
the  great  aorta,  or  trunk,  for  the  nourishment  of  the  whole 
body.  The  influence  of  external  circumstances  in  retarding  or ' 
accelerating  this  change  is  extremely  curious.  By  a well-con- 
ducted set  of  experiments,  M.  Edwards  showed  that  it  was 
hastened  by  nourishment,  heat,  light,  and  the  free  access  of 
atmospheric  air ; on  the  contrary,  it  was  delayed  by  cold,  as  ' 
tadpoles,  born  late  in  summer,  are  not  transformed  until  next 
summer  or  spring ; also,  tadpoles  placed  in  a box,  to  which  the 
water  had  free  access,  and  sunk  some  feet  in  the  Seine,  never 
became  frogs,  but  grew  into  gigantic  tadpoles;  while  others, 
taken  at  the  same  time,  and  placed  in  vessels  supplied  daily  with 
the  same  water,  had  undergone  their  proper  changes.  The  only 
wants,  in  the  former  case,  were  light  and  atmospheric  air,  the 
deprivation  of  which  was,  therefore,  concluded  to  have  produced 
such  effects.  Now  the  proteus,  an  animal  of  the  frog  kind, 
presents  the  strange  anomaly  of  having  both  lungs  and  gills ; 
the  former,  however,  so  imperfectly  developed,  that  it  is  obliged 
to  continue  an  aquatic  animal  all  its  life.  It  inhabits  the  sub- 
terraneous waters  of  Camiola,  and  to  this  situation,  where  it 
must  be  scantily  supplied  with  light  and  air,  have  many  na- 
turalists atfributed  its  organization,  which  they  look  on  to  be  the 
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J result  of  an  imperfect  metamorphosis,  something  after  the 
J manner  of  M.  Edwards’  tadpoles.  Still  more  singular  is  the  fact 
lately  mentioned,  that  several  poor  wretches  having  sought  an 
1 asylum  in  the  dark  and  close  vaults  beneath  the  fortifications  of 
Lisle,  and  having  continued  to  reside  there  for  some  time,  the 
a number  of  deformed  and  defective  children  born  to  them  had 
become  out  of  all  proportion  great.  The  attention  of  the  Board 

II  of  Public  Health  was  drawn  to  it,  and  an  order  issued  for  the 
closing  these  receptacles,  and  for  the  future,  preventing  their 
being  used  as  habitations. 

In  the  two  first  classes  of  animals,  all  the  blood  that  is  sent 
to  all  parts  of  the  body  has  previously  been  submitted  to  the 
action  of  air;  and  for  this  purpose,  as  we  have  before  shown, 
they  are  provided  with  a double  heart,  the  one  side  charged  with 
sending  the  blood  through  the  lungs,  the  other  with  distributing 
the  blood  thus  purified  to  the  body.  But  in  reptiles  this  is  not 
the  case.  The  aerated  blood  certainly  enters  a separate  auricle 
I from  that  which  receives  the  blood  returning  from  the  body,  but 
I both  these  auricles  discharge  themselves  into  a common  ven- 
tricle, so  that  the  two  bloods  are  here  mixed,  and  sent  out  in  this 
state  to  the  body.  Now  the  degree  of  admixture  is  by  no  means 
the  same  through  the  whole  class,  which  causes  much  greater 
differences  between  animals  belonging  to  this  class  than  can 
occur  between  animals  belonging  to  the  class  Mammalia.  The 
I degree  of  mixture  will  evidently  be  measured  by  the  size  of  the 
artery  going  to  the  lungs  as  compared  with  the  common  trunk. 
In  frogs  this  is  extremely  small;  it  is  larger  respectively,  in  tor- 
I toises  and  lizards,  which  therefore  rise  above  them  in  the  animal 
| scale.  The  labours  of  M.  Gcoffroy  St.  Hilaire  have  demon- 

» strut ed  that  the  crocodile,  which  ranks  at  the  top  of  this  class, 
and  approaches  nearest  the  Mammalia,  has  actually  a double 
heart,  with  its  ventricles  perfect  and  distinct.  No  mixture, 
therefore,  can  take  place  here,  hut  it  is  accomplished  by  means  of 
a vessel  which  arises  from  the  right  ventricle  close  to  the  artery 
of  the  lungs,  and  bending  over,  unites  itself  with  the  great  vessel 
from  the  left  ventricle,  so  that  the  body  is  still  supplied  with  a 
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mixed  stream.  It  is  well  worthy  of  observation,  that  before  this 
union  takes  place,  two  vessels  are  sent  off  to  supply  the  head  and 
neck,  so  these  parts  alone  receive  pure  arterial  blood ; to  the  rest 
of  the  body  it  is  sent  mixed. 

In  the  attempts  to  trace  an  unbroken  chain  amongst  animated 
beings,  the  crocodile  clearly  formed  the  link  by  which  mammalia 
descend  to  reptiles.  The  proteus  also  afforded  a sufficiently  natural 
step  from  reptiles  to  fishes.  In  this  class,  lungs  no  longer  exist ; 
for,  as  they  are  destined  to  inhabit  the  great  deep,  they  must  be  for 
a considerable  part  of  their  lives  so  circumstanced,  as  to  render  it 
impossible  they  should  breathe  by  inspiration  and  expiration. 
As,  however,  it  is  necessary  that  their  blood  should  be  brought 
in  contact  with  oxygen  in  a loose  state  of  combination,  atmo- 
spheric air  is  held,  as  it  were,  dissolved  in  the  water  in  consider- 
able quantities.  The  constant  agitation  from  currents,  tides,  or 
storms,  is  amongst  themeans  by  which  this  mixtureiseffected : and 
thus  we  observe  a reciprocal  action  between  these  two  great  media, 
in  which  animals  live, — the  air,  agitating  the  water,  is  probably 
one  of  the  means  by  which  it  is  saved  from  growing  corrupted, 
while  the  water,  absorbing  the  air,  is  by  it  rendered  fit  for  the 
habitation  of  aquatic  animals.  Well  might  the  inspired  writer 
say,  ‘ All  things  work  together  for  good.’ 

It  would  evidently  be  inconvenient,  that  a constant  current  of 
water  should  be  passing  in  and  out  of  the  body ; and  to  avoid 
the  necessity  for  this,  the  gills,  which  in  fishes  perform  the  part 
of  lungs,  are  placed  externally.  They  may  be  described  as  con- 
sisting, in  the  bony  fishes,  such  as  cod,  salmon,  Ac.,  of  four 
arched  bones,  placed  in  succession  close  behind  the  mouth  of  the 
animal  on  each  side,  and  covered  by  a lid  called  operculum.  On 
these  arched  bones  or  branchial  ribs,  as  they  are  called,  from 
their  appearance  and  office,*  are  spread  out  several  fine  laminae,  or 
thin  membranous  folds,  in  which  the  artery  bringing  the  blood 
from  the  heart  spreads  itself  out  into  very  numerous  and  beau- 
tiful ramifications  of  extreme  minuteness.  Situated  on  the  neck. 


Because  they  support  the  branchi<e,  or  gills  proper. 
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they  communicate  by  their  base  with  the  mouth,  of  which,  in 
i tact,  they  may  be  said  to  form  the  posterior  and  lateral  boundary. 

The  operculum  is  moveable  at  pleasure  by  muscles  which  are 
) attached  to  it.  When,  therefore,  a fish  wishes  to  respire,  it 
takes  a mouthful  of  water,  and  passing  it  to  the  back  of  its 
mouth,  suffers  it  to  remain  there  a moment  in  contact  with  its 
j gills,  through  which,  at  the  same  time,  the  blood  is  freely  pass- 
>1  ing.  When  the  water,  or  rather  the  air  which  it  contains,  has 
11  acted  properly  on  the  blood,  an  action  which,  as  we  have  before 
1 explained,  is  not  prevented  by  the  very  fine  moist  membrane 
I which  divides  them,  the  fish  lifts  its  operculum  and  causes  the 
1 1!  water  to  be  discharged  backwards.  The  blood  being  thus 
aerated  is  again  collected  from  very  fine  branches  into  trunks, 
which  running  from  each  of  the  branchial  ribs,  finally  unite  and 
form  the  aorta  for  conveying  the  blood  to  the  whole  body. 
From  this,  the  blood  is  returned  by  the  veins  to  a simple  auricle, 
thence  it  passes  into  a single  ventricle,  which  in  turn  drives  it 
I into  the  branchial  artery,  and  so  back  to  the  gills  again.  The 
circulation,  we  thus  see,  is  quite  simple.  From  what  we  have 
said  of  the  mode  of  respiration,  it  is  clear  that  a trout,  before  it 
1 attempts  to  breathe,  must  turn  its  head  up  against  the  stream. 

Were  it  to  attempt  this  operation  facing  down  the  stream,  it 

I would  in  vain  try  to  let  out  the  water  from  its  gills,  for  as 
I soon  as  it  had  lifted  its  operculum,  the  current  would  pour  in 
I water  from  behind,  in  place  of  suffering  it  to  discharge  what  was 
I there.  It  therefore  becomes  part  of  the  angler’s  art  to  keep  the 
I head  of  the  trout  he  has  hooked  down  the  stream,  in  which 

I situation  it  cannot  attempt  to  breathe,  and  is  therefore  the 

I sooner  exhausted. 

There  is  found  in  many  fishes  a bladder  filled  with  air,  and 
I placed  in  the  upper  part  of  the  abdomen  close  against  the  spine, 
I which  has  therefore  been  conceived  to  be  in  some  manner  sub- 
I servient  to  the  function  of  respiration.  It  seems,  however,  more 
I probable,  that  it  is  rather  destined  to  assist  the  animal’s  motions  ; 
I and  this  idea  is  strengthened  by  the  fact  of  the  swimming- 
I bladder  being  most  considerable  in  such  fishes  as  move  with 
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great  velocity.  It  is  wanting  in  flat-fish,  where,  however,  the 
large  lateral  fins  supply  its  place ; also  in  the  lamprey,  which,  in 
consequence,  moves  hut  slowly  along  the  bottom  of  the  water. 
Its  situation  in  the  upper  part  of  the  back  is  exactly  on  the 
same  principle  that  a bird’s  muscles  are  placed  on  the  breast,  to 
prevent  the  animal  overturning,  as  it  would  do  were  a heavier 
part  above.  The  air  contained  in  this  bladder  is  generally 
found  rich  in  nitrogen ; in  sea-fish  Blumenbach  says  it  contains 
carbonic  acid.  It  is,  in  both  cases,  secreted,  and  there  is 
generally  a vascular  and  glandular  body  situated  in  the  cavity, 
which  is  probably  the  secreting  organ.  The  bladder  sometimes 
communicates  with  the  stomach,  sometimes  with  the  gullet,  but 
is,  also,  at  times,  quite  closed  and  isolated. 

In  the  aquatic  mollusca,  as  the  oyster ; and  the  Crustacea , 
such  as  the  crab,  lobster,  &c.,  respiration  takes  place  by  gilLs. 
In  terrestrial  mollusca,  the  snail,  there  is  a cavity,  the  sides  of 
which  are  a thin  moist  membrane,  upon  which  the  vessels 
ramify ; and  in  this  manner  their  blood  is  exposed  to  the  air. 
Insects  have  their  bodies  penetrated  in  all  directions  by  tracheae, 
or  air-tubes,  which  convey  air  into  the  most  internal  parts.  The 
two  principal  tubes  lie  one  on  each  side,  running  the  whole 
length  of  the  body,  and  are  supplied  from  small  external  openings, 
termed  'stigmata,  nine  in  number,  which  may  readily  be  seen, 
as  figured  on  the  sides  of  the  common  caterpillar. 


Still  lower,  in  the  zoophytes,  or  radiated  animals,  almost  all 
distinction  of  organs  seems  lost.  They  breathe  as  well  as  digest 
by  the  common  integument,  which  outside  is  a skin  and  inside 
a stomach. 
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We  have  thus  run  through  the  scale  of  animals,  very  imper- 
fectly, we  admit,  and  observed  various  mechanisms  and  con- 
trivances, by  which  the  blood  is  brought  under  the  action  of 
atmospheric  air.  We  are  now  to  consider  the  results  of  this 
approximation ; in  other  words,  the  changes  that  it  produces  in 
the  air  and  the  blood.  And  first,  as  being  the  easiest  inves- 
tigated, of  the  air. 

The  quantity  of  air  tahen  in  at  each  inspiration,  as  also  the 
total  quantity  which  the  lungs  can  contain,  have  been  stated  in 
such  various  manners,  as  to  show  there  is  little  certainty  yet 
arrived  at.  In  fact,  it  is  very  difficult  to  get  an  exact  estimate, 
because  it  is  hardly  possible  for  any  one  to  breathe  naturally 
when  his  attention  is  directed  to  the  process,  as  it  is  in  perform- 
ing an  experiment.  The  nearest  approach  to  the  truth  would 
perhaps  give  an  average  of  from  20  to  25  cubic  inches  in  healthy 
young  and  middle-aged  persons ; elderly  people  it  is  said  breathe 
more  deeply,  and  take  in  a large  quantity  of  air  at  each  respira- 
tion. This  amount,  being  that  which  is  habitually  changed  in 
breathing,  has  been  termed  breathing  air;  but  evidently  we 
can,  if  we  please,  take  in  an  additional  amount  of  air,  if  we  make 
a forced  effort,  this  increased  amount  is  called  complementary 
air ; on  the  other  hand,  by  a similar  effort  we  can  force  out  an 
extra  quantity,  the  reserve  air.  Even  after  the  most  violent 
expiratory  effort  on  our  part,  however,  the  lungs  are  far  from 
being  completely  emptied;  a considerable  quantity  always  re- 
mains in  them,  and  to  this  the  name  of  residual  air  has  been 
given ; the  amount  of  this  depends  to  a great  extent  on  the  ab- 
solute size  of  the  chest,  and  has  been  variously  estimated  at  from 
40  to  260  cubic  inches. 

The  greatest  respiratory  capacity  of  the  chest  is  represented 
by  the  utmost  quantity  of  air  which  a person  can  force  out  from 
his  lungs,  after  having  taken  in  as  much  as  he  can  by  drawing 
the  deepest  possible  breath;  this  is  named  the  vital  rapacity, 
and  it  has  been  thought  desirable  to  ascertain  as  nearly  as  pos- 
sible the  amount  of  this  in  a healthy  person,  as  wo  might  then 
be  able  to  test  the  amount  of  disease  affecting  the  lungs. 
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Accordingly  an  instrument,  called  a spirometer,  has  been  invent  I, 
by  which  we  can  easily  measure  the  amount  of  this  vital  capa- 
city; and  a set  of  tables  drawn  up  indicating  its  natural  amount 
in  different  persons,  for  we  find  that  it  varies  according  to  the 
weight,  the  stature,  and  the  age. 

We  may  say,  however,  briefly,  that  the  vital  capacity  of  a 
healthy  person  of  middle  age  and  weight,  and  five  feet  seven 
inches  high,  would  be  about  225  cubic  inches. 

If  we  take  twenty-five  cubic  inches  as  the  amount  of  air  changed 
at  every  quiet  respiration,  and  consider  that  about  twenty  respira- 
tions are  made  in  a minute,  the  quantity  of  air  then  consumed  by  an 
individual  in  twenty-four  hours  will  amount  to  about  720,000 
cubic  inches,  or  416  cubic  feet;  a fact  of  the  utmost  importance 
to  remember  in  building  and  furnishing  with  beds,  hospitals, 
barracks,  prisons,  or  other  places,  where  many  human  beings  are 
to  assemble  together.  For  the  air  which  has  once  been  respired 
is  not  again  fit  for  that  process,  until  it  has  been  purified  in  the 
great  laboratory  of  nature. 

And  the  reason  of  this  is,  that  a change  has  taken  place  in 
its  composition;  for  if  examined,  after  being  once  inspired,  it 
will  be  found  to  contain  more  carbonic  acid  and  less  oxygen  than 
before,  the  nitrogen  remaining  nearly,  though  not  altogether,  in 
its  original  quantity.  Thus,  of  the  twenty-five  cubic  inches  of 
air  we  take  in,  about  twenty  are  nitrogen  and  five  oxygen.  The 
quantity  of  carbonic  acid  is  scarcely  noticeable.  But  of  the  twenty- 
five  cubic  inches  that  we  expire,  not  more  than  three  or  four  will  be 
oxygen,  the  place  of  those  which  have  disappeared  being  occupied 
by  an  equal  quantity  of  carbonic  acid,  which  now  would,  there- 
fore, amount  to  about  two  cubic  inches.  The  air  is  thus  rendered 
improper  for  respiration  in  two  ways : by  the  removal  of  what  was 
useful,  oxygen ; and  the  addition  of  what  was  deleterious,  car- 
bonic acid.  Now,  were  this  same  air  breathed  over  again,  it  is 
evident  it  would  become  still  more  deteriorated,  and  so  on  of  a 
third  and  fourth  respiration,  till  it  became  quite  unfit  to  sustain 
life.  This  is  what  occurs  in  a diving-bell,  when  any  accident 
happens  to  the  tubes,  by  which  a fresh  supply  of  air  is  sent 
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down.  The  people  are  found  suffocated  below,  in  consequence 
of  having  nothing  to  breathe  but  the  air  which  they  themselves 
had  rendered  impure ; drowning  is  never  the  danger  to  be  ap- 
prehended, as  long  as  the  sides  of  the  vessel  are  of  sufficient 
strength.* 

Whether  the  quantity  of  carbonic  acid  produced,  exactly 
equalled  that  of  oxygen  consumed,  was  long  a debated  question. 
Experiments,  made  apparently  with  the  greatest  accuracy,  gave 
opposite  results ; and  while  M.  Lavoisier,  Seguin,  and  Sir  Hum- 
phry Davy  maintained  that  more  oxygen  was  consumed  than 
carbonic  acid  formed,  the  surplus  being,  as  they  supposed,  ab- 
sorbed into  the  system,  or  used  in  making  watery  vapour,  Messrs. 
Allen  and  Pepys,  Mr.  Ellis,  Magendie,  and  other  chemists  and 
physiologists,  believed  that  the  quantities  of  each  exactly  corre- 
sponded. It  was  reserved  for  M.  Edwards  to  reconcile  this 
apparent  discrepancy,  which  he  did  most  satisfactorily,  by  show- 
ing that  the  proportions  varied  according  to  the  species  of  animal 
experimented  on,  the  season  of  the  year,  time  of  day,  and  other 
external  circumstances,  which  had  been  neglected  as  non-essential. 
The  recent  researches  of  MM.  Regnault  and  Eeiset  also  demon- 
strate the  same  fact,  showing  how  much  the  relation  between  the 
two  is  influenced  by  the  nature  of  the  food.  In  animals  fed  upon 
meat,  there  is  considerable  absorption  of  oxygen,  whilst  in  those 
fed  upon  grain  the  absorption  was  very  slight,  or  even  none  at  alL 

Differences  have  also  existed  as  to  the  use  of  the  nitrogen, 
which  occurs  so  abundantly  in  atmospheric  air.  Formerly  it 
was  considered  merely  as  a harmless  means  of  diluting  the 
oxygen,  which,  if  pure,  would  bo  too  stimulating  to  be  long- 
respired.  It  is  now,  however,  allowed  to  have  not  only  this 
negative,  but  a direct  positive,  use,  as  M.  Edwards  has  shown 
it  to  be  absorbed  into  the  circulation,  and  again  exhaled  from  it. 
The  relative  proportions  in  which  it  is  absorbed  and  exhaled 


From  the  experiments i of  Valent  in  and  Brunner,  it  would  seem  Hint,  about 
1300  cubic  inches  of  earlxmic  acid  gas  are  exhaled  by  n healthy  man  per  hour; 
this  would  give  nearly  eight  ounces  of  solid  carbon  or  charcoal  thrown  oil'  from 
the  lungs  in  twenty- four  hours. 

it  2 
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vary  with  the  seasons,  in  consequence  of  which  respiration  is 
found  to  increase  the  quantity  of  nitrogen  during  spring  and 
summer,  but  to  diminish  it  in  autumn  and  winter. 

But  air  which  has  undergone  the  process  of  respiration,  is 
also  found  to  contain  a certain  quantity  of  watery  vapour,  the 
existence  of  which  is  rendered  particularly  evident  in  frosty 
weather,  when  the  external  cold  condenses  this  moisture,  so  as 
to  make  it  visible.  A considerable  portion  of  this  water  comes, 
not  from  the  lungs,  but  from  the  mouth,  top  of  the  throat,  Ac. ; 
for  Magendie  observes,  that  in  an  individual  who  had  an  opening 
in  the  upper  part  of  the  wind-pipe,  the  air  which  was  expired 
through  this  opening,  contained  scarcely  any  vapour.  By  the 
older  physiologists,  however,  it  was  all  considered  as  coming  from 
the  lungs ; and  connectingfrliis  with  the  fact  above  mentioned, 
that  in  general  more  oxygen  is  consumed  than  carbonic  acid 
produced,  they  framed  a very  ingenious  theory,  how  that  the 
blood  in  the  lungs  got  rid  of  two  principles,  carbon  and  hydrogen, 
which  meeting  with  the  oxygen  of  the  atmospheric  air,  imme- 
diately formed  two  new  compounds,  the  carbon  forming  carbonic 
acid,  and  the  hydrogen  forming  water,  which  consequently  were 
to  be  found  in  the  air  after  expiration. 

But  before  proceeding  to  consider  this  theory,  we  must  speak 
of  the  changes  which  the  blood  does  undergo  in  passing  through 
the  lungs.  These,  though  the}"  have  attracted  much  attention, 
and  caused  much  dispute,  are,  we  regret  to  say,  but  imperfectly 
known.  If  we  open  an  animal  alive,  we  perceive  the  blood,  at 
the  right  side  of  the  heart,  of  a dark-red  colour,  while  that  at 
the  left  is  a bright  scarlet.  The  former  is  the  venous  blood,  just 
returned  from  the  body,  and  mixed  with  chyle ; the  latter  is  the 
arterial  blood,  preparing  to  set  out  again  on  its  course.  But  in 
passing  from  the  right  to  the  left  side  of  the  heart,  the  blood  has 
merely  gone  through  the  lungs.  It  is,  therefore,  in  them  that 
the  change  has  occurred.  If,  however,  we  now  prevent  the  en- 
trance of  an  into  the  lungs,  the  change  no  longer  takes  place ; 
the  blood  pours  into  the  left  side  as  dark  as  it  was  in  the  right, 
had  soon  ceases  to  move.  The  same  alteration  of  colour  can  be 
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produced  out  of  the  body,  by  exposing  the  blood  to  atmospheric 
air,  whence  we  conclude  that  it  depends  on  this  as  its  cause ; and 
as  oxygen  produces  the  change  in  a still  higher  degree,  and  no 
other  gas  will  produce  it  at  all,  the  inference  seems  fair,  that  the 
oxygen  of  the  atmosphere  is  the  cause  of  the  scarlet  colour  of 
arterial  blood.  Dr.  Stevens’s  experiments  would  seem  to  show 
that  the  presence  of  some  saline  matter  was  necessary  to  enable 
the  oxygen  to  act ; he  has,  however,  totally  failed  in  proving 
that  the  saline  matter  is,  of  itself,  capable  of  producing  the  change 
of  colour ; and  subsequent  experiments  by  Dr.  William  Gregory 
have  fully  disproved  the  possibility  of  such  an  occurrence.  This 
change  in  colour  is  probably  due  simply  to  an  alteration  in  the 
shape  of  those  globules  which  we  said  gave  the  red  colour 
to  the  blood,  such  alteration  causing  them  to  reflect  the  light 
differently,  and  thus  producing  that  variation  in  the  shade  of 
red  which  the  two  kinds  of  blood,  arterial  and  venous,  present. 

The  other  differences  are  stated  to  be,  that  more  fibrin  occurs 
in  arterial  blood,  which,  therefore,  coagulates  more  quickly  than 
venous;  that  arterial  blood  is  rather  warmer,  by  i°  or  2°,  than 
venous ; and  also  that  it  contains  more  oxygen  and  less  carbonic 
acid  gas ; the  amount  of  nitrogen  in  the  two  not  presenting  any 
very  striking  differences.  For  a long  time  great  uncertainty  pre- 
vailed upon  this  last  point ; the  experiments  of  Magnus,  however, 
have  demonstrated  most  satisfactorily  the  fact,  and  a very  im- 
portant fact  it  is,  of  the  presence  of  these  gases  in  both  kinds  of 
blood,  and  also  of  their  relative  variations  in  quantity. 

We  have  thus  the  principal  facts  of  respiration  before  us ; 
and  to  account  for  these,  two  theories  have  been  imagined.  The 
first,  which  is  only  a modification  of  Priestley’s,  and  which  we 
mentioned  before,  supposes  a direct  combination  to  take  place  in 
the  lungs  between  the  oxygen  of  the  atmospheric  air,  and  hydrogen 
and  carbon  thrown  off  from  the  venous  blood.  This  has  the 
merit  of  being  extremely  simple,  and  of  showing  at  once  how  the 
carbonic  acid  and  watery  vapour  might  bo  formed;  but,  unfor- 
tunately, it  is  deficient  in  facts,  there  being  no  proof  that  hydrogen 
and  carbon  are  secreted  or  given  olf  in  the  lungs  from  the  blood ; 
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and  further,  it  is  irreconcilable  with  the  experiments  of  Messrs. 
Allen  and  Pepys,  in  which  the  whole  oxygen  was  not  more  than 
sufficient  for  the  carbonic  acid  produced,  yet  the  watery  vapour 
continued  to  be  formed  as  usual.  The  second  was  originally 
proposed  by  La  Grange,  and  supported  by  Hassenfratz,  but  owes 
its  principal  celebrity  and  authority  to  the  experiments  of  M. 
Edwards.  According  to  it,  the  blood  in  passing  through  the 
lungs  absorbs  a certain  amount  of  oxygen,  this  is  earned  by  the 
arteries  to  every  part  of  the  body : in  the  capillaries  it  unites 
with,  or  oxidises,  the  carbon  and  hydrogen  of  the  tissues  to  form 
carbonic  acid  and  water ; and  not  merely  with  these,  but  other 
elementary  principles  also,  such  as  sulphur,  phosphorus,  nitrogen ; 
the  carbonic  acid  and  some,  at  any  rate,  of  the  water  are  carried 
by  the  venous  blood  to  the  lungs,  to  be  there  given  off  in  the 
expired  air.  The  other  compounds  formed  by  the  oxygen  being 
carried  probably  by  the  blood  to  other  organs  of  the  body,  as  for 
instance  the  kidneys,  to  be  there  excreted  in  the  most  convenient 
form  and  by  the  most  suitable  channel. 

This  latter  theory,  we  need  scarcely  saV,  is  by  far  the  more 
probable  of  the  two,  and  is  now  almosf  universally  adopted ; the 
experiments  of  Magnus  affording  the  strongest  proof,  before 
wanting,  of  the  existence  of  the  gases  in  the  two  kinds  of  blood. 

Connected  with  this,  is  the  interesting  question  of  the  gene- 
ration of  Animal  Heat. 

Living  bodies  are  endowed  with  a faculty,  by  means  of  which 
they  are  enabled  to  resist  changes  of  temperature.  The  term, 
animal  heat,  as  applied  to  the  result  of  this  property,  is  not 
absolutely  correct,  ist,  because  the  power  is  common  to  all  living 
beings,  plants  as  well  as  animals : 2nd,  because  it  seems  to 
operate,  at  times,  rather  as  a principle  of  coolness  than  of  heat ; 
for  instance,  when  Dr.  Fordyce,  in  air  of  140°  Fahrenheit,  found 
his  body  still  at  the  usual  temperature  of  98°  to  look  On  this, 
however,  we  shall  not  insist,  as  the  experiments  of  M.  de  lalioche 
would  lead  to  the  conclusion,  that  the  transpiration  from  the 
lungs  and  perspiration  from  the  skin  are,  in  such  cases,  so 
abundant  as  to  account  for  the  lower  temperature  at  which  the 
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body  remains.  W e shall  rather  consider  the  more  usual  exer- 
cise of  this  property,  in  maintaining  the  body  at  a temperature 
above  that  of  the  atmosphere.  Of  all  animals,  birds  are  the  best 
provided  in  this  respect,  their  heat  varying  from  105°  to  no° 
Fahrenheit  ; next  come  quadrupeds,  at  about  ioo°  or  10 1°;  and 
after  them  men,  averaging  96°  to  98°.  As  all  these  degrees  are 
considerably  above  the  ordinary  temperature  of  our  climate,  these 
animals  have  been  classed  together  under  the  name  of  warm- 
blooded animals.  If,  on  the  contrary,  we  examine  the  body  of  a 
reptile,  of  a fish,  and  of  most  of  the  invertebrate  tribes,  we  shall 
find  their  temperature  very  nearly  that  of  the  external  air,  or 
only  exceeding  it  by  about  two  degrees.  Thus  Broussonet  re- 
marks, that  the  temperature  of  a fish  is  about  one  or  two 
degrees  higher  than  the  medium  in  which  it  is  immersed ; 
Despretz  found  a carp  530  when  the  water  was  5i°‘4  Fahren- 
heit; and  every  one  knows  the  proverbial  coldness  of  a frog. 
These,  therefore,  as  contradistinguished  from  the  others,  form 
the  second  great  class,  or  the  cold-blooded  animals.  Physiolo- 
gists were  not  long  in  observing,  as  connected  with  this  difference 
of  temperature,  a correspoiMing  difference  in  the  perfection  and 
energy  with  which  the  function  of  respiration  was  carried  on. 
W e have  already  described  the  very  extensive  apparatus  provided 
for  this  purpose  in  birds,  who  breathe  with  so  much  rapidity 
that  Lavoisier  found  two  sparrows  to  consume  as  much  air  as  a 
Guinea-pig.  But  something  more  is  necessary,  for  heat  has  a 
tendency,  wherever  generated,  to  diffuse  itself  amongst  surround- 
ing objects  until  an  equilibrium  is  established.  The  only  means 
of  preventing  this,  is  by  enveloping  the  source  of  heat  with  cer- 
tain bodies  which  it  is  ascertained  have  a very  imperfect  power 
of  conducting  it.  On  this  principle  we  cover  our  own  bodies 
with  blankets  in  winter,  because  they  prevent  the  rapid  commu- 
nication of  the  heat  generated  within  us,  to  the  air  or  the 
objects  around  us ; exactly  on  the  same  principle,  in  summer, 
we  place  blankets  around  our  ice-houses,  to  prevent  the  external 
beat  penetrating  to  them  and  thawing  their  contents.  Bow, 
amongst  the  most  perfect  non-conductors  of  heat  that  we  know. 
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are  feathers  and  fur;  with  the  former  of  which  birds,  with  the 
latter  of  which  the  mammalia,  are  generally  covered ; we  there- 
fore see  why  they  both  exceed  ns  in  heat,  and  why  we  are 
obliged  to  imitate,  by  artificial  clothing,  a provision  with  which 
nature  has  already  endowed  them.  In  the  case  of  birds,  which 
soaring  to  such  great  heights  are  necessarily  exposed  to  the 
most  piercing  cold,  this  provision  is  peculiarly  admirable ; and 
the  use  of  it  was  practically  illustrated  by  the  falconers,  who, 
when  training  a young  hawk,  always  plucked  the  down  from  his 
breast,  well  knowing  that,  while  thus  exposed,  he  would  never 
venture  a flight  to  such  an  elevation  as  would  be  beyond  their 
ken  and  call.  In  aquatic  birds,  which,  spending  their  lives  on 
the  water,  are  thus  constantly  exposed  to  a medium  most 
powerful  in  abstracting  heat,  how  beautiful  and  close  is  the 
plumage,  how  soft  and  impenetrable  the  down,  particularly  on 
the  breast  and  belly,  the  parts  nearest  the  wave ! So  also  the 
annuals  that  inhabit  the  arctic  regions  : the  ermine,  the  Siberian 
squirrel,  the  polar  bear,  present  the  finest,  closest,  and  most 
valuable  furs.  But  all  these  are  means  of  keeping  in  heat,  and 
not  of  generating  it ; they,  therefore,  infer  that  some  such  power 
as  the  latter  exists  in  the  bodies  to  which  they  belong : in  all 
these  bodies  respiration  is  an  energetic  function ; the  question 
then  was  obvious — Is  not  animal  heat  connected  with  respiration  ? 

And  looking  at  another  great  division  of  animals  (the  cold- 
blooded), the  conclusion  would  appear  strengthened.  In  the 
reptiles  respiration  is  incomplete,  the  structure  of  their  lungs  is 
less  perfect,  the  number  of  inhalations  less  frequent,  and  only  a 
portion  of  their  blood  is  submitted  to  the  action  of  the  air.  In 
fishes,  the  quantity  of  air  to  which  the  blood  can  be  exposed  is 
small,  being  merely  that  which  is  dissolved  in  the  water.  In 
both  these  the  temperature  is  low,  little  exceeding  that  of  the 
media  in  which  they  live.  Cold,  therefore,  readily  affects  them, 
and  this  is  particularly  observable  in  the  reptiles,  which  are 
scarcely  to  be  found,  few  in  number  and  diminutive  in  size, 
towards  the  arctic  circle  : while  between  the  tropics  they  are  of 
such  size,  abundance,  and  variety,  as  to  afford  a ready  key  to  the 
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old  Egyptian  fable,  which  supposed  the  crocodile  to  he  engen- 
dered by  the  heat  of  the  sun. 

Insects,  it  is  well  known,  die  in  these  countries  at  the 
approach  of  winter,  having  first  laid  their  eggs,  which  remain 
in  the  laiwa  state  till  brought  forward  by  the  heat  of  the  suc- 
ceeding spring.  It  is,  therefore,  evident  that  for  them  the  cold 
has  the  same  terrors  as  for  the  reptiles,  and  in  them  also  respira- 
tion is  imperfectly  performed.* 

So  far  there  seemed  a fair  connexion  between  the  intensity  of 
respiration  and  the  generation  of  animal  heat,  so  that,  in  direct 
contradiction  to  the  old  philosophers,  who  held  that  respiration 
was  used  to  cool  the  blood,  it  was  now  decided  that  respiration 
was  a means  to  heat  it. 

Dr.  Black  was  one  of  the  first  who  reduced  these  vague 
ideas  to  something  of  a definite  theory  ; and  his  explanation,  as 
modified  by  Crawford,  is  held  by  the  chemical  school  of  physiolo- 
gists to  this  day.  He  found  that  when  carbon  was  burned  in 
air  oxygen  disappeared,  carbonic  acid  was  formed,  and  heat 
evolved.  This  is  exactly  what  takes  place  in  respiration.  The 
conclusion  is  clear  : respiration  is  a species  of  combustion ; hence, 
the  more  energetic  the  respiration,  the  greater  the  quantity  of 
heat  evolved.  This  was  simple,  at  the  same  time  so  ingenious, 
that  it  readily  was  adopted  by  a great  number  of  converts ; an 
objection,  however,  was  made  to  it,  which,  even  to  Black  himself, 
appeared  difficult  to  be  got  over.  It  was  this  : if  the  heat  of  the 
whole  body  be  derived  from  the  lungs  as  a focus,  and  caused  by 
a sort  of  combustion  taking  place  in  them,  their  temperature 
must  be  superior  to  that  of  all  other  organs,  in  fact  so  high,  that 
we  cannot  suppose  their  structure  capable  of  bearing  it.  The 
reply  to  this  objection,  and  the  perfect  elucidation  of  the  theory, 
were  reserved  for  Crawford  ; and  even  those  who  hesitate  as  to 
the  accuracy  of  his  facts,  and  do  not  admit  his  hypothesis,  unani- 


* Insects,  however,  which  live  in  society,  such  as  bees  and  ants,  develop  very 
considerable  heat.  A thermometer  placed,  during  the  winter,  in  a bee-hive,  will 
constantly  show  from  90°  to  99°  Fahrenheit ; and  when  we  excite  the  insects,  their 
respiration,  it  is  said,  becoming  more  rapid,  the  heat  rises. 
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mously  declare  it  to  be  a most  beautiful  and  ingenious  applica- 
tion of  physical  and  chemical  reasoning  to  explain  a problem  of 
the  animal  economy. 

We  shall  endeavour  to  explain  it  to  the  general  reader.  If  a 
piece  of  sponge  and  a piece  of  bread,  of  the  same  size,  be 
each  dipped  into  a cup  containing  water,  the  sponge  will  take  up 
more  water  than  the  bread.  In  such  case,  we  would  say  the 
sponge  had  a greater  capacity  for  water  than  the  bread.  Let  us 
say  that  the  sponge  took  up  an  ounce,  and  the  bread  only  half  an 
ounce  of  water,  and  that,  to  the  eye,  they  looked  equally  icet,  the 
capacity  of  the  sponge  for  water  would  then  be  pronounced  to  be 
double  the  capacity  of  bread. 

Now  if,  by  any  possibility,  the  sponge  could  be  changed  into 
bread,  it  is  evident  that  it  would  give  out  half  an  ounce  of  water, 
and  look  as  wet  as  before  ; or  if  the  bread  were  changed  into 
sponge,  it  could  take  up  an  additional  half-ounce  without  appear- 
ing to  have  increased  in  wetness. 

As  bodies  are  thus  shown  to  have  a different  capacity  for 
water,  so  also  bodies  may  have  a different  capacity  for  heat : and 
in  this  case  we  measure,  not  by  the  eye,  but  by  the  thermometer. 
Thus,  if  a pint  of  mercury  and  a pint  of  water,  in  each  of  which 
a thermometer  immersed  will  show  6o°,  are  placed  in  a stove  for 
a short  time,  and  when  withdrawn,  the  mercury  raises  the  ther- 
mometer to  ioo°,  while  the  water  only  raises  it  to  So0,  it  is 
evident  that  the  same  quantity  of  heat  which  raises  mercury  40 ;, 
raises  water  only  20°,  therefore  mercury  has  a greater  capacity 
for  heat  than  water  in  the  proportion  of  40  to  20,  that  is,  as  2 
to  1.  If,  then,  the  water  at  8o°  were  suddenly  converted  into 
mercury,  it  is  evident  that  it  could  give  out  20'  of  heat,  and 
still  continue  to  show  So0  on  the  thermometer,  for  by  the  terms 
of  the  experiment  it  received  as  much  heat  as  would  raise  mer- 
cury 20°  above  8o°  ; while  if  the  mercury  at  ico3  were  converted 
into  water,  it  should  either  at  once  fall  to  So0,  or,  if  heat  were  in 
its  vicinity,  absorb  a quantity  sufficient  to  maintain  it  at  its  high 
temperature.* 

* la  (his  explanation  we  have  confined  our  attention  to  the  quantities  of  beat 
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Now  this  difference  in  the  capacity  for  heat,  Dr.  Crawford 
imagined  really  to  exist  between  arterial  and  venous  blood, 
the  former,  he  said,  exceeding  the  latter,  in  that  respect,  in 
about  the  proportion  of  H4'5  to  too,  or  about  ill;  to  io.  When, 
therefore,  venous  blood  was  converted  into  arterial,  which  took 
place  in  the  lungs,  it  was  able  to  take  up  an  additional  quantity  of 
heat  without  appearing  hotter,  as  the  bread,  if  converted  into 
sponge,  would  take  up  an  additional  quantity  of  water  without 
appearing  wetter.  And  again,  when  the  arterial  blood  became 
converted  into  venous,  which  takes  place  in  the  extreme  vessels 
in  all  parts  of  the  body,  it  gives  out  this  heat  in  the  same  way 
that  water  would  if  converted  into  mercury,  and  thus  maintains 
the  temperature  of  the  whole  body.  We  thus  see  how  a great 
heat  may  be  generated  in  the  lungs  without  injuring  their 
structure,  because  at  the  moment  of  its  production  it  is  absorbed 
and  rendered  latent  in  the  arterial  blood,  and  how  this  arterial 
blood  conveys  this  heat  to  every  part,  and  distributes  it  to  all 
in  their  due  proportion.  There  remains  but  one  thing,  which  is 
to  show  that  heat  is  generated  in  the  lungs,  and  on  this  Dr. 
Crawford  made  numerous  and  satisfactory  experiments.  He 
showed  that  the  quantity  of  heat  evolved  by  an  animal  during 
the  production  of  a certain  quantity  of  carbonic  acid  by  the 
process  of  respiration,  was  nearly  the  same  as  that  gained 
during  the  production  of  an  equal  quantity  by  the  direct  com- 
bustion of  carbon  in  oxygen.  He  showed  that  heat  was  evolved, 
Dot  only  during  combustion,  but  during  putrefaction,  fermenta- 
tion, germination,  and  all  those  processes  by  which  carbonic 
acid  is  produced.  It  was  then  fairly  inferred  that  heat  must 
also  be  evolved  hi  respiration.  This  heat  is  consumed  in 
three  ways:  ist.  The  cold  air  taken  into  the  lungs  must  be 
warmed  up  to  the  temperature  of  the  body ; 2nd.  The  watery 
matter  secreted  in  the  air-passages  must  be  converted  into 


employed  in  the  experiment  as  being  all  that  was  necessary  for  our  object.  Wo 
should  merely  have  perplexed  the  general  reader,  whom  it  is  always  our  object 
to  take  along  with  us,  had  we  entered  more  at  length  iuto  the  qucstiouof  ‘ specific 
caloric.’ 
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vapour,  in  which  form  it  is  exhaled;  and  3rd.  The  increased 
capacity  which  the  fresh-made  arterial  blood  has  for  beat,  must 
he  saturated.  The  whole  theory,  then,  would  run  thus.  The 
dark  venous  blood  is  loaded  with  a quantity  of  carbon,  which  is 
thrown  into  it  in  its  course  by  all  parts  of  the  body.  Arrived  at 
the  lungs  it  exposes  this  carbon  through  the  medium  of  a very 
fine  membrane  to  the  oxygen  of  the  atmospheric  air,  and  in 
consequence  of  the  attraction  subsisting  between  these  bodies, 
they  unite  and  form  carbonic  acid.  The  result  is  the  giving 
out  of  heat,  and  its  instant  absorption  by  the  arterial  blood, 
which,  with  its  carbon,  has  lost  its  dark  colour,  and,  in  con- 
sequence of  the  change,  requires  an  additional  supply  of  heat. 
The  mode  in  which  this  heat  is  applied  to  use,  we  have  explained 
above. 

This  theory  was  the  first  approach  to  a satisfactory  explana- 
tion of  the  mode  of  production  of  animal  heat,  attributing  it 
to  chemical  action ; it  requires,  however,  certain  modifications, 
chiefly  suggested  by  the  experiments  of  M.  Edwards,  on  animals 
whom  he  caused  for  a time  to  breathe  an  air  deprived  of  oxygen. 
He  found  that  they  still  gave  out  carbonic  acid,  and  in  some 
cases  the  quantity  given  out  exceeded  the  whole  bulk  of  the 
animal,  so  that  there  was  no  possibility  of  attributing’  it  to  the 
oxygen  of  any  air  it  might  have  carried  into  its  lungs.  It  is 
evident,  therefore,  that  carbonic  acid,  not  carbon,  is  what  the 
venous  blood  gives  off  in  the  lungs;  and  from  other  experi- 
ments of  the  same  ingenious  and  talented  gentleman,  it  is  con- 
cluded that  the  oxygen  of  the  air  taken  in  respiration  is  absorbed 
into  the  blood ; that  in  the  minute  vessels  meeting  with  carbon, 
carbonic  acid  is  formed,  and  thus  heat  generated  at  the  point 
where  it  is  wanted,  not  generated  in  the  lungs  and  conveyed  to 
that  point ; that  this  carbonic  acid  darkens  the  blood,  a power 
which  it  can  be  shown  to  have  by  experiment ; and  finally,  being 
conveyed  to  the  lungs,  is  there  thrown  off,  and  a fresh  supply  of 
air  imbibed.  It  is  not  so  clearly  ascertained  what  becomes  of 
the  nitrogen  of  the  air,  but  it  seems  probable,  that  being  taken 
into  the  blood  it  is  applied  to  the  uses  of  the  system,  while  other 
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nitrogen,  which,  had  been  so  applied,  and  is  now  unfit  for  longer 
stay  in  the  system,  is  returned  into  the  blood,  and  discharged  by 
it  from  the  lungs. 

Moreover,  Dr.  John  Davy  succeeded,  by  a well-conducted 
set  of  experiments,  to  be  found  in  the  Philosophical  Trans- 
actions for  1814,  in  showing  that  the  difference  in  capacity  for 
heat  between  venous  and  arterial  blood,  on  which  so  much  of 
Dr.  Crawford’s  theory  turned,  had  no  real  existence.  In  conse- 
quence of  the  subsequent  views  which  we  have  stated,  this 
question  is  now  of  no  importance ; for  as  it  appears  the  carbonic 
acid  is  not  formed  in  the  lungs,  of  course  the  heat  is  not 
evolved  there,  consequently  there  is  no  necessity  for  increased 
capacity  to  carry  it  off.  This  would  seem  a confirmation, 
however,  of  the  accuracy  of  Dr.  Davy’s  experiments,  as,  if  the 
capacity  were  really  greater,  the  temperature  of  the  arterial 
blood  should  be  lower  than  that  of  venous,  which  is  not  the 
case,  the  thermometer  at  the  left  side  of  the  heart  generally 
standing  a degree  or  two  higher  than  at  the  right. 

The  modern  view  of  the  subject,  then,  may  be  stated  thus  : 
in  respiration,  oxygen  is  absorbed  by  the  arterial  blood ; it  is 
carried  by  the  arteries  to  every  part  of  the  body;  in  the  capil- 
laries it  combines  with  the  carbon  of  the  tissues,  or  with  carbon 
derived  from  the  food,  to  form  carbonic  acid ; and  the  combus- 
tion of  the  charcoal  in  these  situations  is  attended  with  the 
development  of  heat,  just  the  same  as  if  we  burn  or  oxidise  so 
much  charcoal  in  the  fire-place.  This  combustion  taking  place 
in  every  part  of  the  body,  forms  as  it  were  minute  amounts  of 
heat  just  where  it  is  wanted,  and  is  evidently  a much  better 
arrangement  than  if  we  had  a large  furnace  in  the  lungs  by 
which  the  rest  of  the  body  had  to  be  warmed.  The  carbonic 
acid  is  then  carried  by  the  venous  blood  to  the  lungs,  there  to  he 
exchanged  for  a fresh  supply  of  oxygen.  It  is  not  merely, 
however,  carbon  that  is  thus  burnt:  the  oxygen  unites  with  the 
other  simple  elements  also,  with  the  hydrogen  to  form  water, 
with  the  sulphur  to  form  sulphuric  acid,  and  so  on,  and  the 
combustion  of  all  these  elements  is,  in  like  manner,  productive 
of  so  much  animal  heat. 
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We  said  that  the  oxygon  united  not  merely  with  the  carkm, 
&c.,  of  the  tissues,  but  also  with  that  of  the  food,  for  certain 
kinds  of  food  that  we  are  in  the  habit  of  taking,  such  as  sugar, 
starch,  gum,  are  not  adapted  for  constructing  or  repairing  the 
body ; they  seem  in  fact  to  be  taken  more  especially  for  the 
purpose  of  serving  as  fuel  to  be  acted  on  by  the  oxygen  in  the 
generation  of  heat ; hence  this  kind  of  food  has  been  termed  by 
some  chemical  physiologists  calorifadent,  or  heat  making ; to 
distinguish  it  from  nitrogenous  food,  albumen,  fibrin,  casein, 
which  can  be  converted  into  the  tissues  of  the  body,  and  may 
hence  be  called  nutrient. 

By  some  curious  experiments,  published  in  the  Philosophical 
Transactions  for  1811  and  1812,  Sir  Benjamin  Brodie  en- 
deavoured to  show  that  the  whole  theory  was  erroneous,  and 
that  animal  heat  was  solely  dependent  on  nervous  influence, 
and  had  nothing  whatever  to  do  with  respiration  or  arterializa- 
tiou.  The  action  of  certain  poisons  appears  wholly  exerted  on 
the  nervous  system ; of  this  kind  are  the  woorara  and  prussic 
acid.  If,  while  an  animal  is  under  their  influence,  respiration 
be  artificially  kept  up,  the  blood  will  undergo  its  usual 
changes  from  venous  to  arterial,  the  air  will  be  found  loaded 
with  carbonic  acid,  in  short,  all  the  chemical  part  of  respi- 
ration will  be  gone  through.  Having  killed,  or  rendered 
insensible,  two  rabbits  by  means  of  these  poisons.  Sir  B. 
Brcdie  suffered  one  to  lie  untouched,  while  in  the  other  he 
kept  up  respiration  by  means  of  an  elastic  gum-bottle,  which 
alternately  pumped  air  into  the  lungs  and  drew  it  out.  This 
air,  when  examined,  appeared  to  have  undergone  the  usual 
changes,  the  blood  had  been  reddened,  the  circulation  con- 
tinued, and  carbonic  acid  formed,  yet  this  rabbit  had  cooled 
down  faster  than  the  other.  He  repeated  the  experiment  in 
different  ways,  sometimes  destroying  the  nervous  influence  by 
dividing  the  spinal  marrow,  in  place  of  by  poison,  but  the 
results  were  always  the  same — the  rabbit  in  which  respiration 
was  kept  up,  cooled  faster  than  the  rabbit  which  was  let  alone. 
The  action  of  these  poisons  is  temporary,  and  if  life  be  thus 
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artificially  supported  for  some  time,  the  brain  seems  gradually 
released  from  their  influence,  and  the  animal  becomes  as  before. 
In  such  cases  Sir  Benjamin  Brodie  found  that,  exactly  as  the 
nervous  influence  became  restored  to  the  body,  so  did  the 
heat  return.  Here,  then,  was  an  entirely  new  doctrine  of 
Animal  Heat.  It  was  no  longer  connected  with  the  generation 
of  carbonic  acid,  but  was  directly  under  the  government  of  the 
nervous  system. 

This,  however,  was  not  long  suffered  to  pass  undisputed.  In 
addition  to  the  arguments  with  which  it  was  assailed  by  the 
chemists,  followers  of  Crawford,  it  met  more  formidable  opposi- 
tion from  the  repetition  of  the  same  experiments  with  different 
results  by  Le  Gallois  in  France,  and  Wilson  Philip  in  England. 
They  observed,  what  Sir  Benjamin  Brodie  had  neglected 
attending  to,  that  during  life  respiration  is  always  proportioned 
to  the  wants  of  the  system  by  a sort  of  instinct ; that,  of  course, 
this  instinct  being  abolished,  and  the  wants  of  the  system  much 
lessened  by  the  low  state  of  vitality  to  which  the  whole  body 
was  i-educed  by  the  temporary  suspension  of  nervous  power, 
the  quantity  of  air  introduced  into  the  lungs  should  be  consi- 
derably diminished,  otherwise  cold  air  was  introduced  into  the 
interior  of  the  animal,  which  it  did  not  want,  and  which, 
therefore,  did  nothing  but  lower  its  temperature.  When  all 
these  circumstances  were  dulj-  allowed  for,  they  found,  in 
direct  contradiction  to  Sir  Benjamin  Brodie,  that  the  cooling  of 
the  body  was  actually  delayed  by  the  process  of  artificial  infla- 
tion, though,  in  consequence  of  the  diminished  consumption  of 
oxygen,  it  was  not  altogether  prevented.  M.  le  Gallois,  there- 
fore, reverted  very  nearly  to  the  old  chemical  theory,  consi- 
dering the  nerves  as  only  acting  indirectly,  by  producing  a 
more  perfect  communication  between  the  air  and  the  blood ; 
while  Dr.  Wilson  Philip  arrived  at  the  conclusion  that  Animal 
Heat  is  a secretion.  M.de  Blainville  sets  it  down  as  a simple 
result  of  nutrition,  and  Dr.  Williams  embraces  very  nearly  the 
same  views.  All  agree  that  it  is,  to  a certain  extent,  influenced 
by  the  nervous  system ; but  whether  directly  or  indirectly  is  a 
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point  not  yet  decided.  Dr.  Marshall  Hall  found  that,  in  hvber- 
nating  animals,  such  as  the  hat,  the  temperature  fell  as  the 
respiration  became  less  frequent,  and  the  carbonic  acid  formed 
less  abundant;  on  the  other  hand,  Sir  B.  Brodie,  as  we  have 
seen,  showed  that  as  the  nervous  influence  was  restored,  so 
exactly  did  the  heat  rise. 

The  nervous  system  does  undoubtedly  affect  the  production 
of  animal  heat,  hut  no  observations  have  proved  that  heat  is 
generated  by  mere  nervous  action  independent  of  chemical 
change.  The  nervous  system  we  know  has  a great  power  of 
modifying  the  different  processes  of  life,  causing  them  to  go  on 
more  energetically,  or,  on  the  other  hand,  suspending  them 
altogether ; it  appears  more  reasonable  to  suppose  that  it  thus 
influences  the  production  of  heat,  than  to  ascribe  to  it  any  more 
direct  agency. 

The  amount  of  heat,  then,  generated  or  formed  in  the  body 
is  considerable ; but  the  temperature  remains  always  nearly  the 
same.  In  what  way,  it  may  he  asked,  is  this  heat  lost,  what 
means  have  we  of  checking  a rise  of  temperature  ? In  the  first 
place,  as  the  air  which  surrounds  us  is  usually  a good  deal 
colder  than  our  bodies,  a large  amount  of  heat  is  lost  by 
radiation,  or  carried  away  by  the  air;  this  we  prevent  to  a cer- 
tain extent  by  the  clothing  we  wear,  which  is  made  of  more 
or  less  imperfectly  conducting  material,  according  to  the  season 
of  the  year,  that  is,  according  to  the  difference  in  temperature 
between  the  air  and  our  bodies.  But  sometimes  the  air  which 
surrounds  us  is  actually  warmer  than  our  bodies : we  can 
live,  for  instance,  for  a time  in  an  oven  heated  up  to  200°  or 
even  300°  Fahrenheit ; in  this  case  evidently  we  cannot  part  with 
any  of  our  heat  by  radiation ; but  nature  provides  us  with  an 
admirable  means  of  cooling  ourselves,  in  the  form  of  the  pers- 
piration; the  warmer  it  is,  the  more  we  perspire,  but  this 
moisture  standing  out  on  our  bodies,  of  course  evaporates  very 
rapidly,  and  in  so  doing  carries  away  a large  amount  oi  beat ; 
on  the  same  principle  that,  if  we  wish  to  cool  wine  in  warm 
weather,  we  wrap  a wet  cloth  round  the  bottle,  and  expose  it  to 
a current  of  air. 
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In  these  two  ways,  then,  the  balance  is  maintained ; the 
temperature  of  the  body  remains  nearly  constant. 

We  must  now  say  something  of  the  voice,  that  faculty  by 
means  of  which  we  best  express  our  feelings,  affections,  and 
sentiments;  which,  modified  by  the  organs  of  speech,  gives 
utterance  to  the  hidden  things  of  the  heart,  and  alike  enables 
the  sage  to  communicate  his  wisdom  and  the  fool  to  babble  his 
folly.  And  here  we  have  already  made  a distinction  that  will 
require  to  be  attended  to : the  voice  is  one  thing ; it  is  common 
to  us  with  beasts,  whose  cries  will  express  pleasure,  or  pain, 
rage,  sexual  desire,  or  fondness ; speech  is  another  thing,  and  is 
the  peculiar  prerogative  of  man.  It  is  true  some  animals,  such 
as  the  jay,  the  parrot,  &c.,  can  articulate,  but  this  is  not  to 
speak : speech  is  the  expression  of  thought,  and  monkeys  don’t 
speak,  says  Lordat,  because  they  have  nothing  to  say.  This 
simple  observation,  which  is  as  philosophical  as  it  is  terse, 
might  have  saved  a world  of  trouble  to  different  anatomists, 
who  spent  much  time  in  finding  out,  by  peculiarities  of  struc- 
ture in  the  organs  of  voice,  why  no  animals  spoke  hut  man. 
Now  anatomy  is  totally  unable  to  resolve  the  question,  inasmuch 
as  several  animals,  who  do  not  speak,  can,  nevertheless,  articu- 
late when  taught  to  do  so  by  man;  it  is  evident,  therefore, 
that. their  natural  dumbness  is  not  to  be  attributed  to  any 
organic  cause.  In  fact,  the  organ  of  voice  in  man  is  extremely 
simple,  being  nothing  more  than  a tube  conveying  ah,  near  the 
top  of  which  are  placed  two  vibrating  plates,  the  vibrations  of 
which,  communicated  to  the  air,  throw  it  into  sonorous  undu- 
lations, and  thus  voice  is  produced.  Nor  are  the  organs  of 
speech  very  complicated,  being  chiefly  the  lips,  teeth,  tongue, 
and  palate,  all,  it  will  be  observed,  situated  beyond  or  exterior 
to  the  place  where  the  voice  is  produced,  inasmuch  as  it  is 
necessary  to  have  voice  before  you  can  make  words,  as  a car- 
penter must  have  timber  before  he  can  make  a table.  The 
relative  situation  and  structure  of  those  parts,  will  be  easily 
understood  by  a reference  to  the  subjoined  plate  copied  from 

I Stammering's  leones,  in  which  T represents  one  side  of  the 

I 
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trachea  or  -windpipe,  bringing  up  the  air  from  the  lungs,  here 
laid  open  so  as  to  display  c,  the  fine  ligament  stretched  across 
near  its  upper  extremity,  and  which,  by  it3  vibrations,  pro- 


Vertieal  Section  of  Head  and  Throat,  from  front  to  rear. 

A,  cavity  for  brain;  S,  spinal  marrow : V,  vertebra  or  backbone;  T,  windpipe; 

G,  gullet. 

duces  voice,  while  beyond  that  are  p,  the  palate,  i,  the  tongue, 
with  the  teeth  and  lips,  all,  as  we  have  said,  engaged  in  the 
formation  of  the  speech.  A more  accurate  idea  of  the  situation 
■of  these  vibrating  plates,  commonly  called  chord#  cocalcs,  may 
be  had  from  the  following  cut,  in  which  they  are  represented 
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as  they  would  be  seen  by  a person  looking  down  the  wind- 
pipe, from  above,  and  able  to  descry  their  situation  in  the 
aperture. 

In  this  cut  a is  the  epiglottis,  situated, 
as  we  have  already  learned,  in  front  of  the 
opening,  and  ready  to  shut  down  on  it,  so 
as  to  prevent  the  entrance  of  any  foreign 
matter ; from  it  we  see  two  ligaments,  b b', 
prolonged  backwards  so  as  to  constitute, 
as  it  were,  a sort  of  superior  dilated  orifice 
of  the  windpipe.  The  true  opening  of 
this  we  see  deeper  down,  at  m,  and  to  this 
opening  the  name  of  glottis  is  given ; while  at  either  side  of  it 
are  stretched  cc',  the  chordce  vocales  or  vibrating  cords,  on  which 
the  production  of  the  voice  depends ; and  above  these  we  observe 
two  little  depressions  or  cavities,  termed  ventricles  of  the 
larynx,  the  object  of  which  appears  to  be  to  leave  room  for  the 
vibrating  of  the  cords. 

But  we  might  be  asked  how*we  know  that  the  voice  is  formed 
at  the  exact  point  which  we  term  the  glottis,  and  depends  on  the 
vibrations  such  as  we  have  described.  The  questions  are  very 
fair,  and  we  proceed  to  answer  them.  If  an  incision  be  made 
into  any  point  of  the  windpipe,  below  that  which  we  have  indi- 
cated, the  voice  is  immediately  lost,  but  if  the  aperture  be  in  any 
way  stopped  up,  as  by  closing  it  with  the  hand,  a pledget  of  lint, 
Ac.,  the  voice  is  restored.  If,  on  the  contrary,  the  incision  is 
made  above  the  glottis,  the  voice  is  in  no  way  affected.  This, 
we  think,  accurately  determines  the  locality,  inasmuch  as,  in  the 
first  experiment,  the  air  is  allowed  to  escape  at  a point  lower 
down  than  the  glottis,  and  no  voice  is  produced ; in  the  second, 
it  is  allowed  to  escape  immediately  after  passing  through  the 
glottis,  and  then  the  voice  is  perfect.  Of  these  facts  we  have 
ourselves  been  witness.  For  the  second  question  we  were  satis- 
fied with  the  general  principles  of  the  formation  of  sound,  and 
the  anatomical  fitness  of  the  parts  to  act  in  accordance  with 
those  principles ; but  M.  Magendie  has  reduced  the  matter  to  an 
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actual  demonstration,  for  having  made  such  an  incision  as  the 
second  we  have  described  into  the  throat  of  a dog,  he  seized  and 
drew  forward  to  the  mouth  of  the  opening  the  top  of  the  wind- 
pipe, and,  holding  it  there,  was  enabled  to  observe  that,  when  the 
animal  howled  or  cried,  the  production  of  sound  was  always 
accompanied  by  a tension  of  the  glottis,  -while  its  edges  (the  cords 
of  which  we  speak)  vibrated  in  an  evident  manner.  He  further 
found,  that  he  might  cut  the  edges  of  the  orifice  of  the  windpipe, 
or  even  the  tops  of  the  small  cartilages  (the  arytenoid),  by  which 
it  is  supported  at  its  hinder  part,  without  sensibly  affecting  the 
power  of  producing  sounds ; hut  that  as  soon  as  he  cut  those 
ligaments  the  animal  became  mute,  and  the  same  effect  was  pro- 
duced if  he  cut  the  nerves  going  to  the  small  muscles  by  which 
these  ligaments  were  moved. 

From  these  experiments  it  seems  beyond  all  doubt,  that  the 
voice  is  produced  as  we  have  described ; but,  not  satisfied  with 
knowing  this  much,  physiologists  insisted  on  knowing  more,  and, 
as  they  proceeded  rather  by  the  good  old  way  of  conjecture  than 
the  good  new  way  of  experiment,  they  soon  became  involved  in  a 
variety  of  conflicting  opinions ; some  insisting  that  the  human 
larynx  was  a wind  instrument,  like  a flute,  others  that  it  was  a 
stringed  instrument,  like  a fiddle,  and  others,  again,  that  it  was 
a reed-instrument,  like  a flageolet-or  organ.  For  our  parts,  we 
think  it  is  neither  a flute,  a fiddle,  a flageolet,  nor  an  organ,  but 
a larynx ; simply  a larynx.  But  we  must  describe  our  larynx  a 
little  more  perfectly  to  enable  our  readers  to  understand  the  cause 
of  our  opinion.  The  larynx,  then,  is  placed  like  a box  or  case 
round  the  top  part  of  the  windpipe,  to  afford  a firm,  and  in  some 
measure  resonant,  fabric  for  the  attachment  of  the  parts  imme- 
diately concerned  in  the  production  of  voice.  It  is  composed  of 
three  principal  cartilages;  the  one  like  a ring,  whence  it  is 
called  cricoid,*  surrounds  the  top  of  the  windpipe,  as  if  to  give 
it  a finish.  This  cartilage  is  much  wider  behind  than  before,  or 
may  be  compared  to  a signet-ring,  the  seal  part  of  which  should 


El-ora  Kpuc ot,  a ring,  and  ciSos,  form  or  shape : — ring-shaped. 
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be  turned  backwards.  It  forms  the  base  of  the  larynx;  and 
above  it,  in  front,  is  placed  the  thyroid*  or  shield-shaped  carti- 
lage, which  is  of  considerable  size,  particularly  iu  the  neck  of  the 
adult  male,  where  it  is  commonly  known  under  the  name  of 
Adam’s  apple,  and  not  only  forms  the  front  of  the  larynx  but 
runs  far  back  on  the  sides.  This  will  be  clearly  understood  from 
the  following  cut,  in  which  a is  a front  view  of  the  thyroid  car- 


tilage, separated  from  all  the  rest ; b a side  view  of  the  same,  in 
which  a is  the  anterior  and  p the  posterior  extremity : c is  the 
cricoid  or  ring-shaped  cartilage,  with  its  deep  part  behind,  while 
the  thyroid  fits  down  upon  the  narrow  part  in  front,  in  a way  we 
shall  presently  describe. 

The  third  cartilage  is  the  arytenoid f or  funnel-shaped  car- 
tilage, which  we  should  rather  describe  as  two  distinct  cartilages. 


Anterior,  lateral,  and  posterior  views  of  the  Larynx. 

From  Ovpe ov,  a shield  ; and  <t£ov,  shape  : — shield-shaped. 
+ From  apvTainti&T)';,  funnel-shaped. 
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one  for  each  side,  placed  on  the  top  of  the  elevated  part  of  the 
cricoid  cartilage ; and  thus  completing  the  hack  part  of  the 
larynx,  which,  when  all  its  parts  are  put  together  presents  the 
appearance  represented  in  fig.  i,  when  viewed  in  front ; in  fig.  2, 
when  viewed  from  the  side  ; and  in  fig.  3,  when  viewed  from  be- 
hind; and  in  each  of  these  figures  the  same  letters  represent 
the  same  parts,  a being  the  thyroid  cartilage;  b the  anterior  or 
narrow,  and  c the  posterior  or  broad  part  of  the  cricoid  cartilage ; 
d d'  the  arytenoid  cartilages,  resting  on  the  latter  and  meeting  at 
the  summits ; e d the  horns  of  the  thyroid  cartilage,  and  f the 
epiglottis. 

These  several  cartilages  are  not  fixed,  but  moveable  upon  one 
another  by  muscles  : the  chorda;  vocales,  also,  are  by  no  means 
to  be  considered  as  simply  elastic  ligaments,  strained  between 
them  extreme  points,  and  obliged  to  vibrate  when  blown  with 
sufficient  force,  like  the  strings  of  an  fEolian  harp.  They  are,  on 
the  contrary,  living  ligaments,  endowed  not  with  a mechanical 
but  a vital  elasticity ; and  supplied  with  muscles,  which  regulate 
all  them  motions  to  the  nicest  degree,  placing  them  in  that  state 
of  tension  and  parallelism  which  the  ingenious  experiments  of 
Dr.  Willis  (recorded  in  the  Cambridge  Philosophical  Trans- 
actions, vol.  iv.,)  show  to  be  necessary  to  the  production  of 
sound  ; and  not  only  that,  but  moving  them  in  every  the  slightest 
change  of  tone,  so  that  we  cannot  doubt  that  every  turn  or  trill 
in  the  human  voice  is  produced  by  a succession  of  muscular  con- 
tractions, as  surely,  though  not  so  obviously,  as  a shake  on  the 
violin  under  the  fingers  of  a Paganini.  This  is  the  reason  why 
we  say  a larynx  is  not  a flute,  nor  a fiddle,  nor  a flageolet,  nor  an 
organ,  but  a larnyx,  that  is,  a living  instrument,  which  can  give 
or  withhold  its  sound,  so  long  as  no  part  of  its  vital  apparatus  is 
impaired,  and  whose  vibrations  depend  not  on  any  external  im- 
pressing agent,  but  upon  a power  existing  within  itself.  This  it 
is  that  has  rendered  it  a subject  of  such  difficulty  to  mechanical 
philosophers,  who  have  each  been  making  their  pipes,  or  their  II 
whistles,  or  their  trumpets,  and  endeavouring,  from  the  mecha- 
nism of  these,  to  explain  all  the  circumstances  of  the  formation  II 
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of  the  human  voice.  It  is  true  that,  in  this  way,  rude  imitations 
of  certain  sounds  may  he  made.  The  vowel-sounds  particularly, 
are  said  to  have  been  imitated  by  Kratzenstein  and  Kempelen,  in 
the  last  century,  and  we  believe  with  still  more  success  by  Mr. 
Willis  and  Mr.  Wheatstone  in  this.  Nay,  we  are  told  by  Rivarol, 
that  the  Abbe  Mical  made  two  colossal  heads  which  could  deliver 
entire  sentences,  but  he  unfortunately  broke  them,  in  consequence 
of  not  obtaining  from  the  French  Government  the  reward  which 
he  thought  his  ingenuity  merited;  and  as  he  left  no  record  of 
the  mechanism  employed,  we  know  nothing  further  than  the 
anecdote  we  have  mentioned.  Kratzenstein,  indeed,  has  left  us 
full  information  as  to  the  means  he  employed;  which  were 
simply  pipes  or  tubes  of  different  figures,  with  reeds  of  an  in- 
genious construction  inserted  in  them,  which,  on  being  blown 
through,  sounded  a e o u i.  Figures  of  these  different  pipes 
may  be  seen  in  the  plates  to  the  first  volume  of  Dr.  Young’s 
Lectures  on  Natural  Philosophy , or  in  the  Transactions  of 
the  Petersburg  Academy  for  1780,  in  which  publication  the 
essay  first  appeared.  But  what  do  all  these  experiments  amount 
to  further  than  that  the  art  of  man  can,  with  infinite  pains,  and 
labour,  and  calculation,  produce  from  inorganic  or  dead  matter, 
very  imperfect  imitations  of  a very  few  out  of  the  countless 
variety  of  sounds  which,  with  a scarcely  noticeable  exertion,  the 
living  larynx  can  send  forth.  When  mechanical  philosophers, 
therefore,  urge  it  as  a serious  objection  against  physiologists, 
that  they  attempt  to  study  the  voice  by  observing  the  organs  of 
speech,*  it  would  appear  that  physiologists  might  fairly  retort 

* Jlr . Willis’s  words  are,  ‘ Kempelen’s  mistake,  like  that  of  every  other  writer 
on  this  subject,  appears  to  lie  in  the  tacit  assumption  that  every  illustration  is  to 
be  sought  lor  in  the  form  and  action  of  the  organs  of  speech  themselves,  which, 
however  paradoxical  the  assertion  may  appear,  can  never,  I contend,  lead  to  any 
accurate  knowledge  of  the  subject.’  If  by  ‘ the  subject,’  he  means  voice  and 
speech,  the  assertion  is  sufficiently  paradoxical,  despite  his  subsequent  explana- 
tion, which,  by  the  way,  refers  all  not  to  voice  but  to  sound  : but  wo  find  much 
more  paradoxical  his  opening  assertion,  that  Kempelen  and  every  other  writer 
had  sought  all  their  illustrations  in  the  organs  themselves,  whon  he  has  just  been 
occupying  two  pages  of  his  essay  in  recounting  the  different  tubes,  pipes, 
speakmg-maehines,  &c.,  ot  Friar  Bacon,  Albertus  Magnus,  Kircher,  Bishop 
” ‘Jams,  Mical,  Kratzenstein,  4ce.  &c.,  which  were  certainly  at  least  intended  to 
be  • illustrations  ol  the  subject. 

We  cannot,  however,  sutler  ourselves  to  disagree  in  ono  respect  from  Mr. 
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upon  those  who  seek  to  illustrate  the  phenomena  of  voice  by 
instruments,  deprived  of  the  most  important  element  in  its  pro- 
duction— life.  The  whole  point,  in  short,  seems  to  lie  in  two 
words : we  study  voice,  they  study  sound.* 

One  objection  may  be  urged  against  the  theory,  that  voice  is 
altogether  vital,  which  is,  that  if  you  take  the  wind-pipe  of  a dead 
animal,  and  press  towards  each  other  the  arytenoid  cartilages,  so 
as  to  render  tense  the  chordce  vocales,  a current  of  air  directed 
from  the  lips,  or  a bellows,  through  the  wind-pipe  will  then  pro- 
duce a sound.  But  this  is  merely  an  apparent  objection : it  is, 
in  fact,  a real  confirmation.  True,  you  do  produce  a sound,  but 
is  this  sound  voice?  You  make  a noise,  and  the  mechanical 
philosophers  can  make  as  good  a noise  with  their  tubes,  exactly 
because  you  are  both  acting  on  dead  matter.  But  where  are  all 
the  delicate  inflexions,  the  modulations,  the  intonations,  that  gave 
expression,  and  sweetness,  and  power?  They  are  gone, — gone 
with  the  life;  and  you  can  equally  destroy  them  during  the 
general  life  of  the  animal  if  you  destroy  the  relational  life  of 
the  part,  as  can  be  done  by  cutting  the  fine  nerves  by  which  it  is 
supplied ; cut  those  of  one  side,  and  the  voice  is  weakened ; of 
both  sides,  and  the  voice  is  gone. 

The  different  tones  of  which  the  human  voice  is  capable  in 
singing  or  reciting,  seem  also  to  depend  on  these  cords.  Xume- 


Willis’s  opinions  without  acknowledging,  generally,  how  much  we  admire  his 
second  truly  excellent  paper  on  the  Mechanism  of  the  Laryjix,  in  which  he 
enters  into  an  examination  of  the  structure  and  functions  of  its  scTeral  parts  in 
a manner  deserving  of  all  praise. 

* * Mr.  AVillis,  of  Cambridge,  has  recently  adapted  cylindrical  tubes  to  a reed, 
whose  length  can  be  varied  at  pleasure  by  sliding  joints.  Upon  drawing  out  the 
tube,  while  a column  of  air  from  the  bellows  of  an  organ  is  passing  through  it, 
the  vowels  are  pronounced  in  the  order,  i c a o «.  On  extending  the  tube,  they 
are  repeated,  after  a certain  interval,  in  the  inverted  order,  v o a e t.  After 
another  interval  they  are  again  obtained  in  the  direct  order,  and  so  on.  When 
the  pitch  of  the  reed  is  very  high,  it  is  impossible  to  sound  some  of  the  vowels, 
•which  is  in  perfect  correspondence  with  the  human  voice,  female  singers  being 
unable  to  pronounce  u and  o in  their  high  notes.  From  the  singular  discoveries 
of  M.  Savart  on  the  nature  of  t lie  human  voice,  and  the  investigations  of  Mr. 
Willis  on  the  mechanism  of  the  larynx,  it  may  be  presumed  that  ultimately  the 
utterance  or  pronunciation  of  modem  languages  will  be  conveyed,  not  only  to 
the  eye,  but  also  to  the  ear,  of  posterity.  Had  the  ancients  possessed  the  means 
of  transmitting  such  definite  sounds,  the  civilized  world  would  still  have  re- 
sponded in  sympathetic  notes  at  the  distance  of  hundreds  of  ages.’ — The  Connexion 
of  the  Physical  Sciences , by  Mary  Somerville,  2nd  ed.,  p.  179. 
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rous  theories  were  formed  as  to  the  mode  in  which  they  acted, 
some  supposing  with  Perrein  that  it  was  the  greater  or  less  ten- 
sion of  those  cords  that  produced  the  acuter  or  graver  sounds, 
just  as  the  string  of  a violin  will  give  a higher  sound  when  screwed 
up,  a lower  wrhen  let  down.  Others  thought  that  it  was  accord- 
ing as  the  glottis  was  more  or  less  open  that  the  tone  varied ; 
others  thought  that  the  raising  or  depressing  the  larynx,  which 
any  person  may  observe,  by  placing  his  hand  on  his  own  throat 
as  he  sings  the  gamut,  afforded  the  true  explanation.  M. 
Magendie,  however,  put  an  end  to  guessing  on  this  point  also, 
and  the  experiment  which  he  made  for  the  purpose  he  thus 
describes. 

‘ I laid  hare  the  glottis  of  a noisy  dog,  by  cutting  between 
the  thyroid  cartilage  and  the  hyoid  bone ; (this  is  immediately 
above  the  thyroid  cartilage,  so  that  he  did  not  injure  the  chorda} 
vocales,  or  interfere  with  the  passage  of  the  air  through  them.) 
I then  saw  that  when  the  sounds  are  grave,  the  ligaments  of  the 
glottis  vibrate  in  their  whole  length,  and  the  expired  air  passes 
out  in  the  whole  length  of  the  glottis.  In  acute  sounds  the 
ligaments  do  not  vibrate  in  their  anterior  part,  but  only  in  their 
posterior,  and  the  air  passes  only  in  the  part  which  vibrates ; 
the  opening  is,  therefore,  diminished.  Lastly,  when  the  sounds 
are  very  acute,  the  ligaments  present  vibrations  at  their  aryte- 
noid (posterior)  extremity  only,  and  the  expired  air  passes  only 
by  this  portion  of  the  glottis.  It  appears  that  the  extreme  limit 
of  acuteness  in  sounds  happens  when  the  glottis  closes  entirely, 
and  air  can  no  longer  pass  through  the  larynx.’* 

A circumstance,  familiar  to  every  one,  strongly  bears  out 
these  observations  of  M.  Magendie,  and  that  is  the  prominence 
of  the  thyroid  cartilage  (Adam’s  apple)  in  the  neck  of  men,  and 


•With  this  latter  conjecture  we  are  not  quite  inclined  to  agree;  it  is  well 
Irnown  that  a person  attempting  to  bring  out  an  extremely  high  note  will  some- 
times break  down  in  the  middle  of  it,  the  mout  h continuing  open  and  air  passing, 
but  no  sound  being  heard.  From  the  air  passing,  it  would  appear  that  the 
glottis  was  open,  but  the  cause  of  the  interruption  of  the  voice  is  the  inability  to 
maintain  the  powerful  muscular  contraction  necessary  to  the  production  of  very 
acute  tones.  The  complete  occlusion  of  the  glottis  occurs  when  wo  make  violent 
efforts,  as  we  then  always  ‘ hold  in  our  breath.’ 
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not  in  those  of  women  and  boys.  The  explanation  is  this : the 
chordae  vocales,  as  our  plates  will  show,  are  attached  behind  to 
the  arytenoid,  and  before  to  the  thyroid  cartilages ; consequently 
if  these  cartilages  remove  to  a greater  distance  from  each  other, 
the  cords  must  become  longer.  But  this  removal  cannot  take 
place  by  the  retiring  back  of  the  arytenoid,  for  it  is  placed  just 
against  the  gullet,  and  if  it  went  further  back,  would  interfere 
with  our  swallowing:  it  must,  therefore,  be  accomplished  by 
moving  forward  the  thyroid,  and  this  takes  place  in  boys  just  at 
the  age  of  puberty,  when,  as  every  one  knows,  the  voice  becomes 
of  a deeper  tone,  in  consequence  of  the  lengthening  of  the  cords, 
and  is  said  to  be  cracked ; the  individual  producing  sometimes 
a high  tone,  sometimes  a low,  not  having  yet  learned  exactly  to 
adapt  the  muscular  contraction  to  the  new  state  of  his  vocal 
cords.  This  change  never  takes  place  in  women,  consequently 
their  voice  at  all  times  retains  the  high  tone  it  had  in  childhood. 

But  there  are  certain  modifying  circumstances,  which  also 
require  consideration : we  have  shown  how  a diversity  of  notes  may 
be  produced,  but  each  of  these  notes  may  be  stronger  or  weaker, 
i.  e.,  in  accordance  with  the  musical  expressions  forte  and  piano  : 
there  is,  furthermore,  what  the  French  call  timbre,  which  seems 
to  answer  to  what  we  call  quality  of  voice ; thus,  of  two  persons 
singing  the  same  note,  one  may  sing  it  in  a melodious,  another 
in  a harsh,  tone ; one  may  have  a mellow,  the  other  a wiiy, 
voice ; whence,  then,  originate  these  differences  ? 

With  regard  to  the  first,  it  would  appear  that  the  greater  or 
less  quantity  of  air  forced  out  in  a given  time,  is  the  chief  means 
of  increasing  or  diminishing  loudness,  by  increasing  or  diminish- 
ing the  extent  of  the  vibrations.  A certain  adaptation  of  the 
parts,  however,  is  here  required,  otherwise  not  only  would  the 
intensity  be  increased,  but  the  tone  would  be  raised.  Every  one 
who  has  listened  to  the  wind  blowing  through  a key-hole,  knows 
that  as  long  as  the  wind  is  gentle  and  moderate,  there  is  only  a 
low  cooing  or  murmuring  sound  produced ; but  when  the 
strength  of  the  wind  is  much  increased,  and  it  blows  a storm,  the 
cooing  rises  to  a shrill  whistling,  or  shrieking  sound,  many 
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intervals  more  acute  than  it  was  heard  before.  Now  the  same 
should  take  place,  if  our  glottis  were  immoveable,  every  time  we 
attempted  to  shout  or  call  out  loud ; that  it  does  not  take  place, 
is  the  result  of  our  larynx  being  a vital  instrument.  It  seems 
more  difficult  to  explain  the  difference  of  quality  in  different 
voices,  and  this  is  the  less  to  be  wondered  at,  when  we  find 
persons  most  skilled  in  acoustics  and  mechanics  imable  de- 
finitively to  assign  the  cause  of  difference  in  quality  of  two 
violins,  which  they  can  take  in  their  hands,  measure,  weigh, 
inspect,  take  to  pieces,  and  examine  hi  every  possible  manner. 
In  both  cases,  however,  it  appears  probable  that  the  proportions 
and  the  quality  of  the  material  must  be  the  most  important 
elements,  and  setting  out  from  this  foundation,  M.  Geoffroy  St. 
Hilaire  endeavours  to  show  how  we  may  account  for  the  weak 
and  wailing  voice  of  infancy,  when  the  cartilages  are  still  soft, 
spongy,  and  yielding ; the  more  powerful  and  resonant  voice  of 
manhood,  when  all  the  parts  have  acquired  their  due  proportions, 
hardness,  and  strength : the  alterations  produced  in  the  voice  by 
disease,  when  the  lining  membrane  of  the  larynx  becomes 
thickened  and  engorged  by  inflammation  ; and,  finally,  the  dis- 
agreeable, broken,  and  cut  voice  of  old  age,  when  the  parts  have 
no  longer  an  unimpeded  freedom  of  motion,  and  are  no  longer  of 
an  uniform  density,  bony  matter  being  then  generally  deposited 
in  different  parts  of  the  cartilages.  The  influence  of  such  causes 
we  conceive  to  be  undoubted ; but  we  join  M.  Piorry  in  thinking 
that  further  modifications  may  be  accounted  for  by  varieties  in 
the  thickness,  consistency,  length,  and  structure  of  the  chord® 
vocales,  as  (to  use  ourselves  a mechanical  illustration)  varieties 
in  the  quality  of  tone  of  a violin  may  be  undoubtedly  produced 
by  altering  the  size  and  quality  of  its  strings.  The  nature  and 
form  of  the  cavity  through  which  the  voice  passes  after  being 
formed,  must  also  be  taken  into  account,  and  this  includes  the 
consideration  ot  the  pharynx,  the  mouth,  the  posterior  nostrils, 
&c.  &C. 

Mr.  Willis,  indeed,  insists  on  it  that  this  latter  consideration 
is  alone  sufficient,  without  any  attention  to  the  former,  and  he 
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argues  in  this  way.  The  vocal  mechanism  may  be  considered  as 
consisting  of  lungs  or  bellows,  capable  of  trans- 
mitting, by  means  of  the  connecting  windpipe,  a 
current  of  ah  through  an  appai'atus  contained  in 
the  upper  part  of  the  windpipe,  termed  the  larynx. 
This  apparatus  is  capable  of  producing  various 
musical  notes,  which  are  heard  after  passing 
through  a variable  cavity,  consisting  of  the 
pharynx,  mouth,  and  nose. 

Now,  if  this  arrangement  he  artificially  imi- 
tated, by  combining  together  pipes  and  cavities, 
with  bellows  in  a similar  order,  and  substituting 
for  the  larynx  an  elastic  lamina,  capable  of  pro- 
ducing musical  notes  when  vibrated  by  the  stream 
of  air,  it  is  found  that,  by  changing  the  form  of 
the  cavity  above  it,  the  various  qualities  which 
distinguish  the  continued  notes  of  the  human 
voice  iu  speech,  may  be  so  nearly  imparted  to  the 
sound  which  the  imitative  larynx  is  producing,  as  plainly  to 
show  that  there  is  no  necessity  for  seeking  any  power  of  altering 
the  quality  of  the  notes  in  the  larynx  itself.  This,  then,  may  be 
considered  merely  as  an  instrument  for  producing  certain  musical 
notes,  which  are  afterwards  to  be  converted  into  vowels,  liquids, 
&c.,  by  the  proper  changes  of  form  in  the  superior  cavity. 

On  reviewing  this  sentence,  however,  it  will  be  found  that 
Mr.  Willis  does  not  absolutely  disagree  with  us,  though  his 
terms  might  lead  to  the  supposition,  for  a little  attention  will 
show  that  he  does  not  attach  the  same  meaning  as  we  do  to  the 
word  quality  of  voice,  but  uses  it  to  express  that  modification  by 
which  voice  is  formed  into  vowels,  liquids,  &c. : in  short,  what  we 
call  articulation. 

With  respect  to  the  quality  of  the  voice,  Vicq  d’  Azyr  makes 
the  interesting  observation,  that  its  fineness  and  excellence  seem, 
in  general,  to  be  exactly  proportioned  to  the  simplicity  of  the 
organs  by  which  it  is  produced.  Thus,  in  man,  the  whole  con- 
struction, as  we  have  seen,  is  of  extreme  simplicity,  a slit  between 
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two  vibrating  plates,  supported  by  cartilages,  and  governed  by 
muscles;  while  in  the  monkey  tribe,  it  becomes  complicated, 
with  one  or  two  membranous  sacs,  or  in  some  even  with  an 
irregular  bony  cavity,  communicating  by  a horizontal  passage 
with  the  larynx,  immediately  anterior  to  the  chorda  vocales, 
while,  at  the  same  time,  the  voice  has  become  altered  and  de- 
teriorated, and  the  power  of  articulation  is  lost.  In  the  digitated 
quadrupeds,  such  as  the  dog  and  cat,  the  larynx  beai's  much 
resemblance  to  the  human,  except  that  in  the  latter,  immediately 
below  the  chorda?  vocales,  are  placed  two  very  fine  membranes, 
which  vibrate  when  air  is  forced  even  into  the  dead  windpipe, 
and  produce  a sound  extremely  similar  to  the  purring  of  the 
animal  when  alive.  In  the  pig  the  epiglottis  is  large  and  thick, 
the  edges  of  the  glottis  are  hard,  cartilaginous,  and  pierced  by  a 
cleft,  which  allows  the  air  to  pass  into  two  cavities  occupying  the 
place  of  the  ventricles,  from  which  the  air  is  expelled,  by  means 
of  the  muscles  which  invest  them,  with  a grunt.  In  the  horse 
M.  Herissant  described  two  small  triangular  membranes,  situ- 
ated at  the  extremities  of  the  glottis,  and  which  he  supposed  to 
he  connected  with  neighing.  This  structure  is  wanting  in  the 
mule  and  ass,  who,  however,  have  one  more  singular  in  a little 
cavity  hollowed  out  in  the  thyroid  cartilages,  across  which  is 
drawn  a tight  membrane,  like  the  parchment  over  the  head  of  a 
drum,  but  admitting  air  behind  it,  and  producing  very  consider- 
able, though,  from  the  want  of  muscular  fibres,  unmodified 
vibrations.  In  the  bat  the  chorda  vocales  are  extremely 
reduced  in  size,  and  in  some  species  quite  wanting,  which  will 
account  for  their  muteness,  or  their  feeble,  imperfect  voice; 
another  peculiarity  of  this  order  is,  that  they  want  the  epiglottis, 
a character  which  is  also  to  be  observed  in  birds.  Birds  have  no 
epiglottis,  but  its  place  is  supplied  by  circular  muscular  fibres 
which  run  round  the  top  of  the  windpipe  and  close  it  at  will,  so 
accurately  as  completely  to  prevent  the  entrance  of  any  foreign 
body.  I he  proper  larynx,  or  organ  of  voice,  appears  to  be 
situated  in  these  animals  low  down  in  the  neck,  or  just  where 
the  windpipe  is  dividing  into  its  two  principal  branches,  and  the 
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distinction  before  noticed  is  equally  applicable  here ; in  birds  of 
sweet  and  melodious  voice  the  organ  is  simple,  as  we  see  in  the 
canary-bird  and  nightingale ; in  those  with  loud,  harsh,  or  dis- 
agreeable tones,  it  is  compound,  furnished  with  additional 
membranes,  or  even  having  the  windpipe  twisted  into  convolu- 
tions, of  which  forms  we  have  examples  in  the  goose,  the  wild 
swan,  &c.  To  these  characters  we  must  add,  that  in  the  singing- 
birds  the  lower  or  proper  larynx  is  surrounded  by  abundant 
muscular  fibres,  whence  its  various  intonations  ; but  it  appears 
membranous  and  devoid  of  muscle  in  the  duck,  the  chicken,  the 
bustard,  that  have  only  a cluck,  a quack,  or  some  other  monoto- 
nous note.  In  reptiles  the  voice  seems  to  reach  its  last  term,  and 
even  to  become  extinct  upon  the  total  disappearance  of  the  parts 
of  the  larynx.  In  front  of  the  glottis  of  the  frog  are  placed  two 
long  vibrating  ligaments,  perfectly  detached  from  the  surround- 
ing parts,  and  incased  in  a cartilaginous  frame  of  a lozenge- 
shape,  the  front  extremity  of  which  is  in  contact  with  the  back 
of  the  tongue.  These  are  the  organs  which  give  the  long  deep 
croak,  so  annoying  to  any  one  who  has  ever  had  occasion  to 
attempt  sleeping  in  the  vicinity  of  a marsh  inhabited  by  animals 
of  the  frog  kind.  In  serpents,  the  larynx  and  cords  may  be  said 
to  be  quite  gone;  the  windpipe  opens  behind  the  tongue  in  a 
long  narrow  slit,  and  the  sound  is  reduced  to  the  hissing  of  air 
rushing  through  a narrow  passage. 

We  can  say  but  a very  few  words  respecting  speech  and 
articulation,  and  this  is  of  the  less  consequence,  as  these  matters 
are  to  be  found  treated  of  in  numerous  popular  works  already 
within  the  reach  of  every  one.  The  vowels  are  simply  voice 
modified  by  the  shape  of  the  cavity  through  which  it  passes,  and 
it  is  those  that  mechanicians  have  been  most  successful  in 
imitating.  Any  person  may  satisfy  himself  as  to  the  mode  of 
their  formation,  who  will  take  the  trouble  to  pronounce  the  five 
simple  vowel  sounds,  a broad,  as  in  call ; c broad,  as  in  fete ; i as 
ee  in  tree ; o as  in  grove ; u as  oo  in  food ; and  observe  how  they 
gradually  proceed,  as  it  were,  from  the  back  of  the  throat  to  the 
front  of  the  lips,  with  corresponding  modifications  in  the  degrees 
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to  which  the  mouth  is  opened  and  elongated.  Of  course  the 
vowel  sounds  may  be  as  numerous  as  those  modifications  can  be 
made  appreciable.  Dr.  Arnott  says  about  twenty  of  them  are 
sufficiently  distinguishable,  but  few  languages  comprehend  more 
than  twelve.  Mr.  Wheatstone,  in  an  ingenious  note  inserted  by 
Dr.  Elliotson  in  his  fourth  edition  of  Blumenbach’ s Physiology, 
indicates  a double  series  of  vowels  differing  in  their  mode  of 
formation,  and  diverging  from  mo  (ccill)  as  a central  point.  In 
the  first  series,  he  says,  the  external  aperture  remains  open,  and 
the  internal  cavity  gradually  diminishes  by  the  successive  alter- 
ations of  the  positions  of  the  tongue : in  the  second  series  the 
positions  of  the  tongue  are  successively  the  same  as  in  the  first 
series,  but  the  aperture  of  the  lips  is  diminished.  We  do  not 
exactly  understand  the  table  which  Mr.  Wheatstone  professes  to 
have  constructed  upon  this  principle,  and  in  which  he  adds  to 
the  two  series,  thus  defined,  a third,  of  which  he  gives  no  further 
definition  than  is  contained  in  the  brief  note  ‘ lips  nearly  closed,’ 
which  we  think  might  very  well  be  included  in  his  second  series, 
marked  as  ‘ lips  partially  open.’*  W e are  inclined  also  to  question 


* Having  alluded  to  Mr.  IVheatstone’s  views,  and  dissented  from  some  of 
them,  perhaps  it  is  but  fair  that  we  should  give  his  table  in  full,  adding  his  own 
explanation : — * Each  of  these  vowels  may  be  long  or  short,  according  to  the 
duration  of  its  sound  in  a syllable.’ 

Table  op  Vowels. 


Each  series  formed  by  the  gradual  elevation  of  the  tongue. 


First  Series.  The  lips 
fully  open. 

Second  Series.  The  lips 
partially  open. 

Third  Series.  The  lips 
nearly  closed. 

As  Pronounced. 

As  Pronounced. 

As  Pronounced. 

Long, 

Short, 

Long, 

Short, 

Long, 

Short, 

m 

in 

in 

in 

in 

1.  aw  caught,  fall 

2.  ah  father,  car 

3.  ae  nne  (Scotch) 
•i.  a 1 fair 

5.  e | feet,  the 

folly 

dull 

man 

met 

fit 

6.0 

7.  o 

8.  eu 

9.  eu, 
10. 

coat 

court 

bonheur(Fr.) 
uttreux  (Fr.) 
Expressed  in 
German  by  it, 
in  Danish  and 
Swedish  by  i, 
in  Dutch  and 
French  by  u. 

o 

</> 

o 

11.  00 

cool 

full 

The  third  series  appears  to  be  a series  composed  of  an  individual,  which  is 


2/2 


EESPIEATION. 


his  ideas  of  pronunciation,  when  he  tells  us  the  long  sound  of  aw 
is  to  he  found  in  caught ; whereas,  it  appears  to  us  evident,  that 
in  this  word  the  aw,  as  soon  as  formed,  must  he  closed  by  the  i, 
or  the  speaker  would  he  said  to  drawl,  and,  we  believe,  the  dif- 
ference usually  made  between  the  long  and  short  sounds  of  a 
vowel  is,  that  the  former  may  be  sustained.  We  must  equally 
object  to  his  making  two  distinct  vowel  sounds  of  the  o in  coat, 
and  the  o in  court,  as  a moment’s  consideration  here  will  show 
that  the  modification  depends  altogether  on  the  consequent  con- 
sonant ; and  if  this  he  considered  sufficient  ground  for  distinction, 
he  should  not  have  stopped  at  two,  but  given  us  distinct  vowel 
sounds  for  almost  every  combination  of  which  each  vowel  is  ca- 
pable : thus,  in  the  present  instance,  he  ought  to  have  distin- 
guished the  o in  cobra,  cove,  coat,  cone,  cole,  court,  coke,  <fcc., 
because  in  each  of  them  the  vowel  sound  is  interrupted  by  the 
consequent  consonant  in  a different  part  of  the  mouth,  which  is 
the  only  distinction  between  the  o in  coat  and  the  o in  court. 
To  exemplify  this  in  the  clearest  manner,  let  the  oa  of  the  one, 
and  the  ou  of  the  other  be  followed  by  the  same  consonant,  and 
their  sounds  at  once  become  identical : who  can  distinguish  in 
pronunciation  between  coarse  and  course  ? 

Of  the  consonants,  perhaps  the  clearest  account  is  that  given 
by  Dr.  Arnott,  who  considers  them  as  resulting  from  the  inter- 
ruption of  the  true  or  vowel  sounds,  by  the  closure  or  approxi- 
mation of  the  parts  through  which  they  are  passing.  Thus,  let 
any  one  form  the  sound  a,  and  suddenly  stop  it,  by  closing  his 
lips  tight,  and  he  will  plainly  hear  the  syllable  ap .-  if  the  closure 
have  been  effected  softly,  and  without  compressing  the  lips,  the 
syllable  will  be  ah.  In  this  way  we  get  p and  h,  two  of  the 
labial  consonants,  as  the  effect  to  the  ear  is  quite  the  same,  whether 
the  consonant  be  pronounced  before  or  after  the  vowel. 

If  now,  in  place  of  the  lips,  we  stop  the  sound  with  the 


rather  a novelty.  Other  observations,  in  addition  to  those  which  we  have  made 
above  will,  doubtless,  occur  to  any  person  who  peruses  the  table  with  attention. 
It  is  one  oi'  the  latest  constructed;  but  we  must  say  it  appears  rather  the  work 
of  a philologist  than  a physiologist. 
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tongue,  by  causing  it  to  strike  tlie  palate,  just  behind  the  teeth, 
we  get  the  sounds  at  and  ad,  that  is,  t and  d,  according  as  the 
closure  has  been  effected  tightly  or  softly.  But  if  we  use  not 
the  tip,  but  the  middle  of  the  tongue,  so  that  it  may  rise  up 
against  the  palate  deeper  in  the  mouth,  we  have  the  sound 
ale,  ag  ; and  still  further  back,  if  the  modification  be  made  at  the 
top  of  the  throat  with  the  very  root  of  the  tongue,  we  shall  hear 
the  cli  of  the  German  preposition  nach,  the  same  as  the  closing 
sound  of  the  Scotch  loch,  or  the  Irish  lougli.  This  is  a sound 
which  Englishmen  find  some  difficulty  in  forming.  If  now  we 
go  through  the  three  positions  already  indicated,  viz.,  the  lips, 
the  tip  of  the  tongue,  and  middle  of  the  tongue,  allowing,  at  the 
same  time,  the  sound  which  is  stopped  in  the  mouth  to  continue 
through  the  nose,  we  shall  hear  am,  an,  and  ang,  or  the  three 
nasals,  m,  n,  and  ng  (as  in  hang),  the  last  being  the  nasal  sound 
so  much  used  by  the  French,  whose  language  requires  in  so  great 
a measure  to  be  spoken  through  the  nose.  There  are  various 
other  modifications  for  pronouncing  the  other  consonants,  but  all 
explicable  on  a similar  principle ; we  shall  only  notice  one  more  : 
viz.,  that  made  by  closing  the  lower  lip  against  the  upper  teeth ; 
as  this,  like  the  positions  already  mentioned,  may  be  done  in 
two  ways,  it  gives  us  two  sounds  af  and  av,  or  the  consonants 
f and  v.  From  principles  such  as  these  Dr.  Arnott  has  been  led 
to  a consideration  of  the  best  mode  of  treating  stuttering,  lisp- 
ing, and  other  deficiencies  in  the  use  of  the  vocal  organs,  and 
has  laid  down  some  rules  equally  philosophical  and  'simple,  by  a 
proper  attention  to  which,  it  seems  more  than  probable  that  any 
intelligent  person  would  be  able  to  cure  himself.  ‘ A lisping 
person,  for  instance,  is  cured  at  once,  by  being  told  that  the 
tongue  must  not  touch  the  teetli  in  pronouncing  the  letter  s ; 
and  a frenchman,  who  deems  it  impossible  for  him  to  pronounce 
the  English  sound  of  th,  discovers  that  he  cannot  avoid  doing  so, 
if  he  rests  his  tongue  softly  against  his  teeth,  when  opened  a 
little,  and  then  forces  breath  or  sound  to  pass  between  the  tongue* 
and  teeth.’ 

We  promised  a few  words  respecting  sighing,  coughing, 
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yawning,  &c. : they  are  all  only  different  modes  of  respiration. 
When  a person  becomes  occupied  with  some  absorbing  reflection, 
as  when  one  sits  overwhelmed  with  silent  grief  for  the  loss  of  a 
dearly-loved  friend,  the  entire  attention  is  devoted  to  the  image 
with  which  the  mind  is  occupied,  the  appeals  made  by  the  organs 
of  sense  to  the  brain  are  unnoticed,  and  foreign  objects  pass  dis- 
regarded ; even  the  vital  functions  seem  to  sympathize  with  the 
general  concentration,  and  suffer  then-  action,  as  it  were  to  flag,  or  be 
imperfectly  performed.  The  lungs  rise  less  frequently  in  respiration, 
because  the  intercostal  muscles  and  diaphragm,  which  should 
expand  the  chest,  suffer  intervals  to  elapse  between  each  per- 
formance of  their  office.  In  consequence  the  blood  is  less  rapidly 
aerated,  and  less  easily  passed  through  the  lungs : it  begins  to 
stagnate  and  collect  in  the  right  side  of  the  heart,  to  which  it  is 
returned  as  usual  from  the  body ; the  right  auricle  and  ventricle 
are  clogged  and  overladen,  there  is  a feeling  of  heaviness  and 
oppression,  well  termed  “ the  sickness  of  the  heart,”  which  in- 
creases until  the  anxiety  and  distress  become  so  painful  as  to 
attract  attention ; the  vital  system  seems,  then,  to  be  sensible  of 
what  is  wrong,  a sigh,  that  is,  a deep  inspiration,  is  made,  the 
effect  of  which  is  to  expand  the  lungs  and  take  in  a large  quantity 
of  fresh  air ; the  increased  size  of  the  lungs  permits  the  labouring 
heart  to  rid  itself  of  its  superabundant  quantity  of  blood,  which 
the  large  supply  of  air  serves  at  the  same  moment  to  purify,  so 
that  we  perceive  a degree  of  physiological  accuracy  in  the  no- 
velist’s description,  1 his  heart  was  ready  to  burst,  when  a suc- 
cession of  deep  sighs  appeared  to  afford  him  some  relief.’  A 
sigh  carried  to  the  deepest,  and  accompanied  during  expiration 
with  a slow  vibratory  motion  of  the  vocal  cords,  constitutes  a 
groan.  Sobbing  also  would  appear  to  be  but  a modification  of 
the  same  action,  in  which  the  full,  deep  inspiration  is  broken 
into  a number  of  successive  short  inspirations  by  a catch,  which 
in  weak  nervous  people  is  apt  to  become  convulsive  or  hyste- 
rical, in  the  descent  of  the  diaphragm. 

Yawning  is,  in  the  mechanical  part  of  its  execution,  ex- 
tremely similar  to  the  above,  except  that  the  expiration  is  ge- 
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nerally  as  long  and  slow  as  the  inspiration,  and  often  accom- 
panied with  a singular  voice.  It  seems  generally  consequent- 
on  a fatigued  state  of  the  muscles  of  the  body,  in  which  the 
muscles  of  respiration  share,  and  thus  performing  their  work, 
as  it  were,  imperfectly,  are  at  times  obliged  to  take  in  an  extra 
supply,  for  which  purpose  the  mouth  gapes,  and  the  jaws  are 
separated  widely,  so  as  to  admit  as  much  air  as  possible. 
During  sleep,  respiration  is  also  slower,  so  that  upon  waking 
most  animals  yawn  and  stretch  themselves,  as  if  to  awake  all 
their  muscles  to  the  proper  tone  for  renewed  action  diming  the 
day.  According  to  Eicherand  the  crowing  of  the  cock  and 
flapping  of  his  wings  are  intended  to  serve  this  purpose ; he 
adds,  that  the  concerts  with  which  the  tribes  of  singing-birds 
fill  our  groves  at  sunrise,  have  their  origin  in  the  same  cause, 
though  he  forgets  to  say  whether  their  evening  song  is  to  he 
considered  as  yawning  before  they  go  to  bed. 

A cough  is  a sudden  and  forcible  expiration,  the  object  of 
which  is  to  cause  a rapid  current  of  air  from  the  lungs  along 
the  windpipe,  which  is,  at  the  same  moment,  contracted  by  the 
small  muscles  which  lie  along  its  hinder  part,  so  that  the  air, 
rushing  with  force  through  a narrow  passage,  may  bring  along 
with  it  any  superfluous  quantity  of  mucus  or  any  foreign  matter 
which  may  have  come  in  contact  with  the  fine  lining  membrane, 
and  so  have  excited  irritation.  This  is  the  reason  why  people 
cough  after  having,  as  it  is  usually  termed,  caught  cold.  The 
effect  of  cold  directed,  as  most  frequently  happens,  on  the  sensitive 
membrane  which  lines  the  nostrils  and  air-passages,  is  to  produce 
an  afflux  of  blood  to  this  part,  in  consequence  of  which  the 
glands  with  which  it  is  supplied  form  a larger  quantity  than 
usual  of  their  proper  mucous  secretion ; this  would  in  a short 
time  accumulate,  so  as  to  impede  the  passage  of  air,  did  wo 
not  remove  it  irom  the  nostrils  by  blowing,  that  is,  by  closing 
the  mouth,  and  so  causing  all  the  expired  air  to  pass  through 
them,  and  from  the  windpipe  by  coughing,  the  mechanism  of 
which  we  have  already  noticed.  Sneezing  differs  very  little  from 
coughing,  except  that  it  is  generally  more  violent,  and  the  air  is, 
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as  in  blowing,  directed  almost  entirely  through  the  nose,  the 
object  generally  being  to  dislodge  some  offending  substance  from 
its  internal  and  very  sensitive  surface. 

In  laughter  a full  inspiration  is  succeeded  by  a number  of 
short  expirations,  each  interrupted,  as  it  were,  by  a partial 
closure  of  the  glottis,  accompanied  with  the  production  of  voice. 
It  is  laid  down  by  Summering,  that  a moderate  laugh  may  be, 
under  certain  circumstances,  advantageous  to  one’s  health — 
‘ quia  intra  idem  tempus,  quo  alias  nonnisi  semel  respiramus, 
plures  inspirationes  et  expirationes  breviores  repetimus,  ideoque 
insigniori  conquassatione  sanguinis  in  abdomine  circulationem 
promo vemus •’  because  within  the  same  period  in  which  we 
should  otherwise  have  made  but  one  respiration,  we  now  make 
many  shorter  inspirations  and  expirations,  in  consequence  of 
which  we  assist  the  abdominal  circulation  by  giving  a shake  to 
the  blood.  It  is  pleasant  to  fiud  so  philosophical  an  explanation 
of  the  common  proverb,  ‘Laugh,  and  be  fat.’  Men,  we  are  told, 
generally  laugh  with  the  vowel  sound  ate  or  o ; women  with 
that  of  a (fate)  or  ce.  A long-continued  laugh,  as  it  interrupts 
regular  breathing,  will  cause  the  afflux  of  blood  to  the  head,  so 
that  we  shall  see  a person  during  a hearty  fit  get  red  in  the  face, 
while  the  unusual  quantity  sent  to  the  lachrymal  glands  stimu- 
lates them  to  the  performance  of  them  function,  and,  under  such 
circumstances,  the  eyes  first  water,  and  then  tears  trickle  down 
the  cheeks,  in  which  case  a man  is  said  ‘ to  laugh  till  he  cries.’ 
The  mode  in  which  its  physical  causes,  such  as  the  titillation  of 
the  ends  of  certain  nerves,  produce  laughter,  is  not  well  under- 
stood; still  less  can  we  explain  how  it  should  originate  in  mental 
emotions.  In  some  states  of  the  constitution,  generally  such  as 
are  accompanied  by  nervous  debility,  laughter  occurs  without 
any  of  its  ordinary  exciting  causes,  aud  even  without  being 
within  the  control  of  the  will ; this  we  know  to  occur  in  that 
class  of  diseases  termed  hysterical.  In  infants,  also,  the  re- 
traction of  the  corners  of  the  lips,  and  other  muscular  actions, 
which  usually  accompany  laughter,  are,  at  times,  the  consequence 
of  impressions  made  on  different  parts  of  their  intestinal  canal 
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by  worms  or  other  irritating  causes,  so  that  where  the  nurse  or 
mother  supposes  the  child  to  he  expressing  feelings  of  comfort  or 
pleasure  by  a smile,  the  physiologist  will  often  behold  a slight 
convulsive  twitching  at  the  commencement  of  the  alimentary 
canal,  indicative  of  irritation  which  is  taking  place  within. 
Crying  commences  with  a deep  inspiration,  followed  by  short 
interrupted  expirations,  which  sometimes  agitate  the  whole  chest, 
together  with  the  head  and  abdomen ; expirations  and  inspira- 
tions continue,  accompanied  by  more  or  less  noise,  until  at  length 
it  terminates  in  a full  expiration,  followed  by  a deep  inspiration, 
that  is,  a sob  or  sigh.  Children  are  often  observed  to  cry  in  a 
certain  tone  and  measure.  The  physical  effects  of  crying  are 
stated  by  Soemmering  to  be  nearly  the  same  as  those  of  laughter, 
though  the  moral  causes  with  which  it  is  generally  connected, 
such  as  grief,  anguish,  Ac.,  being  of  a depressing  kind,  must 
exercise  a prejudicial  influence.  There  is  not,  however,  the  same 
danger  from  excessive  crying  as  from  excessive  laughter ; cases 
are  on  record  of  persons  having  suddenly  died  from  the  latter, 
but  none  of  such  an  unfortunate  result  to  the  former. 

The  mere  pouring  out  of  tears  is  not  crying,  as  the  mere 
contraction  of  the  muscles  about  the  lips  is  not  laughter.  It 
may,  as  we  have  shown  respecting  laughter,  take  place  from 
causes  merely  physical,  and  with  which  there  is  no  mental 
suffering  connected.  A determination  of  blood  to  the  head, 
even  where  the  individual  may  not  be  immediately  sensible  of 
any  inconvenience  from  it,  may  so  stimulate  the  lachrymal 
glands,  that  an  effusion  of  tears  may  be  the  consequence ; and 
we  have  ourselves  more  than  once  seen  this  involuntary  weeping 
occur  as  a preliminary  symptom  to  apoplexy.  Dust,  or  irritating 
matters  entering  the  eye,  majr  also  be  the  cause  of  an  effusion  of 
tears,  the  object  of  which,  in  this  case,  is  to  dilute,  dissolve,  or 
wash  away  the  offending  substance.  The  wisdom  of  this  con- 
trivance is  fully  exemplified  in  some  cases,  in  which  the  nerve 
supplying  the  surface  of  the  eye  with  sensibility  has  been  divided, 
and  so  the  sensibility  lost,  it  is  to  be  observed  that  tb  is  sensi- 
bility  is  totally  distinct  from  the  power  of  seeing,  which,  as  we 
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shall  explain  in  a subsequent  chapter,  belongs  not  to  the  surface, 
hut  to  a nerve  situated  in  the  deep  parts  of  the  e}-e,  or  rather  to 
the  paid  of  the  brain  with  which  this  nerve  communicates. 
When  the  sensibility,  however,  of  the  surface  is  lost,  notice  is 
no  longer  given  of  the  presence  of  offending  substances,  the 
lachrymal  gland  is  not  stimulated  to  a due  performance  of  its 
office,  they  are  allowed  to  remain,  until  by  their  presence  the}' 
cause  irritation,  inflammation,  and  ulceration  of  the  cornea, 
which,  in  its  turn,  becoming  opaque,  stops  the  access  of  light,  or, 
being  eaten  thi-ough,  allows  the  internal  humours  to  escape,  and 
so  the  individual  becomes  completely  and  permanently  blind. 
On  how  many  apparently  trifling  adjustments  do  our  happiness, 
our  comfort,  nay,  our  very  life,  depend ! 


Chapter  X. 

THE  NERVOUS  SYSTEM. 

IN  no  class  of  created  beings,  except  in  animals,  do  we  find 
a system  appointed  for  the  perception  of  external  impres- 
sions, and  the  communication  to  certain  instruments  of  motion, 
of  an  internal  impulse  to  action.  Such  a system  is  the  nervous. 
By  it  we  gain  all  our  knowledge  of  the  world  that  surrounds  us ; 
by  it,  modified  and  assisted  by  certain  arrangements  observable 
in  the  organs  of  the  senses,  we  see,  hear,  smell,  taste,  feel ; by 
it  we  are  made  aware  of  the  presence  of  such  objects  as  are  useful 
and  agreeable,  or,  on  the  contrary,  injurious  and  destructive ; 
and,  finall}',  by  it  we  so  direct  our  motive  powers,  consisting  of 
muscles,  tendons,  bones,  &c.,  that  we  may  approach  the  one,  or 
avoid  the  other.  It  is  thus  in  direct  and  necessary  connexion 
with  the  development  of  the  muscular  system.  To  what  use  the 
power  of  seeing  the  approach  of  danger,  if  we  were  unable  to 
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fly  from  it ; to  what  use  the  power  of  flying,  if  not  directed  by 
a perception  of  what  was  to  he  avoided  ? It  is  thus  that,  as  the 
power  of  changing  place  becomes  less  and  less  in  the  lower  order 
of  animals,  the  nervous  system  becomes  more  and  more  im- 
perfect, till  in  the  zoophytes,  which  stand,  as  it  were,  on  the 
verge  of  the  vegetable  kingdom,  and  spend  their  lives  attached 
to  the  spot  where  they  had  their  origin,  the  body  presents  an 
uniform  pulpy  appearance,  from  which  muscles  and  nerves  seem 
equally  banished.  By  careful  examination  with  a microscope, 
Spix  conceived  he  made  out  certain  nervous  fibres  in  these 
animals,  and,  after  some  examination,  De  Blainville  seems  to 
allow  Spix’s  discovery ; hut,  whether  they  do  or  do  not  exist,  it  is 
evident,  from  the  doubtful  way  in  which  they  are  described,  and 
the  pains  that  must  be  used  to  find  them,  that  they  are  extremely 
obscure,  and  barely  sufficient  to  maintain  the  last  faint  shade  of 
sensibility.  It  is,  therefore,  in  the  higher  order  of  animals  that 
we  must  look  for  the  clearest  development  of  this  system,  and, 
considering  it  as  a whole,  in  none  will  it  be  found  so  perfect  as  in 
man.  Hitherto,  however,  anatomy  has  failed  to  ascertain  any 
particular  part  superadded  to  the  rest,  and  so  distinct,  that  we 
could  point  to  it  as  the  clearly  definitive  mark  between  man  and 
all  other  animals.  Smmmering,  indeed,  points  out  no  less  than 
fifteen  anatomical  peculiarities  in  the  human  brain,  but  they  are 
rather  in  the  complexity  of  organization  and  fulness  of  develop- 
ment of  certain  parts,  than  in  anything  clearly  additional. 
Mess  >rs.  Gall  and  Spurzheim,  to  whom  we  shall  have  occasion 
frequently  to  refer,  and  to  whom  the  anatomy  of  this  organ 
owes  much,  do  not,  however,  appear  to  have  shown  (abstractedly 
from  their  peculiar  doctrines)  anything  very  satisfactory  on  this 
point. 

The  nervous  system,  as  viewed  in  the  higher  order  of  animals, 
consists  ot  four  parts;  the  brain,  spinal  marrow,  nerves,  and 
sympathetic,  or  ganglionic  system.  In  former  times  it  was 
usual  to  speak  of  the  brain  as  the  root,  the  spinal  marrow  as  the 
trunk,  and  the  nerves  as  the  branches  springing  from  it.  This 
order  is  now  nearly  reversed : in  examining  the  formation  of  the 
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foetus,  the  spinal  marrow  is  found  to  exist  before  the  brain,  and 
in  tracing  down  the  chain  of  animals  this  latter  is  found  wanting, 
where  nerves  and  ganglia  still  exist.  Now  the  matter  out  of 
which  all  the  nervous  system  is  formed  would  seem  to  he  but  of 
two  kinds,  the  one  soft,  pulpy,  and  greyish,  or  rather  of  a light- 
brown  colour,  abundantly  supplied  with  vessels,  but  exhibiting 
scarcely  any  traces  of  organization,  appearing  under  the  micro- 
scope to  be  formed  of  cells  or  vesicles,  either  rounded  or  present- 
ing tail-like  processes  (caudate),  imbedded  usually  in  a soft 
granular  matrix,  in  •which  would  run  the  vessels  as  well  as  the 
nerve  fibres ; the  other,  white,  firmer,  and  denser  in  structure, 
and  assuming  the  appearance  of  fibres,  distinguished  from  the 
muscular  fibres,  as  well  by  their  smaller  size  as  by  their  present- 
ing a double  contour,  as  if  composed  of  two  tubes,  one  inside  the 
other,  and  containing,  in  their  centre,  a soft  gelatinous  material. 
These  two  parts  are  not  mixed  together  indiscriminately  in  the 
formation  of  the  brain,  hut  are  always  found  to  preserve  an 
uniform  arrangement,  being  in  some  places  quite  distinct,  in 
others  occupying  alternate  layers,  so  as  Avhen  cut  through  to  give 
a striated  appearance.  From  the  immense  quantity  of  blood 
sent  to  the  grey  matter',  it  was  by  many  considered  as  a secreting 
organ ; and  those  who  believed  that  nervous  influence  took  place 
by  means  of  a subtile  fluid,  held  that  that  fluid  was  formed  here. 
With  them  the  white  part  was  a collection  of  filaments,  which 
were  nothing  more  than  very  fine  hair-like  tubes,  through  which 
the  fluid  passed ; the  nerves  were  composed  of  a certain  number 
of  tubes  issuing  from  the  brain,  and  surrounded  with  an  envelope 
of  cellular  structure,  and  the  spinal  marrow  itself  was  nothing 
more  than  a larger  collection  of  the  same  kind.  Of  course  this 
theory  is  totally  disproved  hv  the  facts  we  have  already  men- 
tioned ; but,  independently  of  this,  they  never  were  able  to  show 
by  anatomy  that  the  nerves  were  so  formed,  or  that  they  did 
contain  any  fluid. 

The  view  taken  by  Dr.  Gall,  and  more  fully  confirmed  by  the 
researches  of  Reil,  is  that  now  more  generally  adopted.  Observ- 
ing that  the  white  filaments  can  always  be  traced  at  either  end 
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to  a ganglion,  or  collection  of  this  grey  matter,  observing  also 
that  such  ganglia  occur  occasionally,  in  the  course  of  the  nerves, 
■which  are  all  white,  or,  at  the  union  of  several  filaments  of 
nerves,  termed  'plexus,  and  that  after  passing  through  such 
ganglia,  the  nerves  always  issue  with  increased  bulk,  or  more 
numerous  filaments,  he  concluded  that  the  organized  white  fila- 
ments or  fibres  were  the  working  part  of  the  brain  and  nervous 
system  generally,  and  that  the  grey  mass  of  unorganized  globules 
was  the  ‘ matrix  of  the  medullary  filaments,’  that  is  the  source 
or  origin  of  the  nervous  force  transmitted  outwards  by  certain 
nerves,  or  receiving  the  impressions  conveyed  inwards  by  others. 
The  brain  of  man  is  composed  of  these  two  kinds  of  matter, 
enveloped  by  certain  membranous  coverings,  and  supplied  with 
blood  by  the  internal  carotid,  the  vertebral,  and  some  smaller 
arteries.  It  is  placed  in  the  cavity  of  the  skull,  which  it  fills, 
and  an  idea  of  its  size  may  be  got  by  any  one  passing  his  hand 
across  the  upper  part  of  his  eyes,  thence  along  the  ear,  just 
over  its  external  opening,  then  along  the  neck,  just  where  it 
becomes  united  with  the  head,  and  so  round  by  the  other  ear 
to  the  eyes  again.  All  the  space  above  this  line  may  be  said  to 
be  occupied  by  the  brain.  It  will  be  observed  that  this  line 
sinks  considerably  deeper  behind  than  before,  and  the  lower  part 
behind,  being  differently  formed  from  the  rest,  of  a different 
structure,  and  separated  from  it,  except  at  the  root,  by  a strong 
reflection  of  the  enveloping  membranes,  is  generally  distin- 
guished from  it,  the  anterior  and  upper  parts  being  called 
the  cerebrum,  or  brain  proper,  while  this  is  termed  cerebellum, 
or  little  brain.  This  will  at  once  be  understood  from  the  accom- 
panying cut. 

I his  is  the  first  division  of  the  brain;  but  the  cerebrum  is 
further  divided,  by  means  of  a deep  longitudinal  furrow,  running 
its  whole  length,  and  separating  it  into  two  parts,  called 
hemispheres.  The  division  is  made  by  the  strong  protecting 
membrane,  called  the  dura  mater,  coming  from  each  side,  and 
being  reflected  down  along  the  central  line,  so  as  to  separate  the 
hemispheres  to  a depth  of  about  an  inch  and  a half.  This  dura 
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mater  is  placed  like  a strong  sheath  to  envelope  and  support  the 
whole  brain  ; it  is  immediately  in  contact  with  the  inside  of  the 


Side  of  Skull  and  Membranes  removed  : Figure  and  Site  of  Brain  displaved. 
A,  the  cerebrum  ; B,  the  cerebellum  ; C,  beginning  of  spinal  marrow. 


skull,  but  between  it  and  the  brain  is  placed  a much  finer  mem- 
brane, called  the  pia  mater,  which  envelopes  every  part,  and 
affords  a passage  to  the  minute  vessels  by  which  the  interior 
substance  is  nourished.  Between  the  folds  of  the  dura  mater, 
dipping  down  to  form  the  division  we  have  mentioned,  is  left  a 
cavity,  termed  sinus,  into  which  the  veins  of  each  hemisphere 
discharge  their  blood.  The  course  of  this  sinus  any  person  may 
trace,  by  laying  his  finger  in  the  centre  of  the  highest  part  of  his 
forehead,  then  carrying  it  back  in  a straight  line  along  the 
centre  of  his  head,  until  he  comes  behind  near  his  neck  to  a hard 
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bony  protuberance : so  far  be  has  exactly  traced  tbe  course  of  the 
sinus,  and  of  tbe  blood  in  it.  But  just  at  this  point  it  is  joined 
by  other  vessels  bringing  blood  from  the  deeper  parts  of  the 
brain,  and  the  quantity  collected  is  so  great,  that  it  would  be  in- 
convenient that  it  should  any  longer  continue  in  one  channel. 
At  this  point,  therefore,  it  divides;  and  if,  placing  a second 
finger  by  the  side  of  the  first,  he  draws  one  towards  the  hinder 
and  lower  part  of  each  ear,  he  will  be  still  tracing  the  course  of 
the  blood  now  contained  in  a sinus  for  each  side,  formed  by 
a second  reflection  of  the  dura  mater,  which,  as  we  before  said, 
divides  here  the  cerebrum  from  the  cerebellum , so  that  by 
observing  this  line  we  are  further  enabled  to  pronounce  that  the 
former  lies  above,  and  the  latter  below  it.  When  the  sinus  has 
arrived  at  this  point,  it  receives  its  last  addition  of  blood  brought 
from  the  deep  parts  in  the  front  of  the  brain,  and  turning  down 
through  a hole  in  the  skull,  it  discharges  itself  into  the  great 
jugular  vein,  which,  commencing  just  here  at  each  side,  conveys 
the  blood  down  the  neck,  and  finally  pours  it  into  the  heart. 

The  hemispheres  thus  divided,  correspond  very  nearly  with 
one  another.  In  general  a little  difference  in  point  of  size  is  ob- 
servable, the  preponderance  being  most  frequently,  though  not 
always,  in  favour  of  the  right.  Their  surface,  as  seen  in  the 
above  cut,  is  marked  by  a great  number  of  eminences,  i-ounded 
on  the  edges,  and  winding  into  one  another.  These  are  termed 
the  convolutions  of  the  brain,  whilst  the  depressions  by  which 
they  are  separated  are  called  anfractuosities,  or  furrows.  The 
number  and  size  of  the  convolutions  vary  exceedingly,  and  are 
seldom  found  the  same  in  the  two  lobes : they  are  sometimes 
very  large,  sometimes  very  small,  in  individuals  of  the  same  age ; 
in  general  they  are  small  in  foetuses  and  newborn  children.  Tbe 
furrows  are  equally  variable,  running  in  all  directions,  sometimes 
simple,  sometimes  subdivided,  sometimes  very  long,  sometimes 
very  short.  They  generally  penetrate  tbe  brain  to  the  depth  of 
about  an  inch,  and  so  far  of  course  tbe  convolutions  can  be 
' separated  from  one  another.  These  convolutions  Gall  and 
: Spurzheim  consider  as  the  organs  of  the  different  faculties  and 
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sentiments  of  the  mind;  we  must,  therefore,  inquire  a little 
more  closely  into  their  structure. 

Spurzheim  made  a section  of  a brain  from  front  to  rear,  and 
continuing  it  down  through  the  upper  part  of  the  spinal  marrow, 
produced  the  appearance  in  our  next  plate.  Here  we  should  first 
observe  the  fibres  f arising  from  the  anterior  part  of  the  spinal 
marrow,  which  also  contains  grey  matter  in  its  centre.  These 
fibres  passing  through  the  part  p,  termed  the  pons  Yarolii 
(from  its  uniting  the  two  sides  of  the  cerebellum  like  a bridge, 
and  having  been  particularly  described  by  Yarolius),  direct 
themselves  upwards,  and  after  being  reinforced  by  passing 


[A, 


Vertical  Section  of  Brain. 

the  cerebrum,  or  brain  proper ; B,  the  cerebellum,  or  lesser  brain ; S,  spinal 
marrow,  from  the  fibres  of  which  they  both  seem  to  be  formed. 


through  two  successive  collections  of  grey  matter,  > and  s,  which 
Gall  calls  the  inferior  and  superior  ganglia  of  the  brain,  they 
finally  spread  out,  as  we  see,  in  the  convolutions,  uniformly 
capped,  or  surrounded,  by  further  layers  of  grey  matter,  which, 
from  its  always  being  found  on  the  surface  of  the  brain,  has  ac- 
quired the  name  of  cortical*  But  there  is  a second  series  of 


* From  cortex , bark. 
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white  fibres,  which  arising,  as  it  would  appear,  from  this  cortical 
substance,  and  directing  themselves  towards  the  centre,  form 
what  are  called  commissures,  by  means  of  which  the  several 
parts  of  the  brain  are,  as  it  were,  connected  into  one  whole,  and 
concord  between  their  functions  ensured.  Such  is  a sketch, 
necessarily  very  imperfect,  of  the  structure  of  the  cerebrum, 
as  evinced  by  the  researches  of  Gall  and  Spurzheim,  as  well  as  of 
other  anatomists,  who,  having  no  theory  to  support,  are,  there- 
fore, most  trustworthy. 

The  cerebellum,  b,  seems  not  to  have  been  so  easily  or  so 
perfectly  described.  However,  as  seen  in  our  plate,  they  connect 
this  with  the  posterior  fibres  of  the  spinal  marrow,  m,  which,  at 
this  paid,  form  rope-shaped  bodies,  thence  termed  corpora 
restiformia.*  These  they  trace  into  the  centre  of  each  hemi- 
sphere of  the  cerebellum,  and  there  find  them  terminating  in  a 
nucleus,  or  ganglion  of  grey  matter,  n.  From  this  white  fila- 
ments are  seen  to  branch  out  on  every  side,  covered,  as  in  the 
cerebrum,  by  grey  cortical  substance,  from  which  arrangement 
there  results  the  peculiar  appearance  we  have  figured,  and  which 
is  usually  denominated  arbor  vitce.  The  cerebellum  has  also  its 
converging  fibres,  and  these,  it  would  appear,  constitute  the  ex- 
ternal transverse  layer  of  the  pons,  which  must  be  removed 
or  cut  through,  before  the  deeper  fibres,  running  from  the  an- 
terior part  of  the  spinal  marrow  to  form  the  convolutions  of  the 
brain,  can  be  shown.  That  the  pons  is  so  formed,  is  further 
shown  by  its  being  deficient  in  fishes  and  reptiles,  where  the 
cerebellum  has  no  lateral  hemispheres,  consisting  solely  of  the 
central  part. 

In  the  central  part  of  each  hemisphere  of  the  cerebrum  is 
found  a cavity  lined  by  serous  membrane.  These  cavities  are 
termed  ventricles;  during  health  their  sides  are  closely  laid 
together,  so  that,  in  fact,  no  cavity  can  be  said  to  exist  in  such 
cases,  but  as  the  serous  membrane  which  lines  the  abdomen 
®ay>  by  an  increased  exhalation  from  its  surface,  give  rise  to 
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dropsy,  so  the  serous  lining  of  the  ventricles  may,  if  its  exhala- 
tion is  greater  than  its  absorption,  give  rise  to  an  accumulation 
of  water  in  these  cavities,  constituting  the  formidable  disease 
termed  hydrocephalus,  or  water  on  the  brain.  Another  of  these 
cavities  is  to  be  found  at  the  top  of  the  spinal  marrow,  or  just 
where  its  bundles  of  fibres  are  said  to  separate,  the  anterior  to 
pass  to  the  cerebrum,  the  posterior  to  the  cerebellum.  Above, 
and  a little  in  front  of  this  cavity,  is  placed  the  celebrated  pineal 
gland,  which  Des  Cartes  chose  to  make  the  seat  of  the  soul.  It 
is  a little  round  body,  about  the  size  of  a pea,  formed  of  grey 
matter,  and  covered  with  the  pia  mater,  which  we  have  before 
mentioned  as  the  internal  membrane  covering  the  brain.  It  is 
very  singular  that  this  little  body  is  constantly  found,  after  a 
certain  age,  to  contain  fine  gritty  particles,  appearing  like 
siliceous  sand.  The  use  of  the  body  is  unknown ; indeed,  some 
modern  physiologists  have  raised  the  question  whether  it  can 
properly,  either  from  its  structure  or  functions,  be  considered  a 
nervous  organ  at  all,  looking  upon  it  rather  as  a small  secreting 
body,  or  gland,  without  a duct.  From  this  point  the  spinal 
marrow  may  be  traced  down  into  the  canal  formed  for  its  recep- 
tion, along  all  the  bones  of  the  spine ; and,  in  its  passage  along 
here,  it  gives  out  a pair  of  nerves  at  every  interval  left  by 
the  vertebra1. 

The  general  appearance  of  the  spinal  marrow  is  that  of  four 
thick  nervous  columns  or  rods,  placed  together  so  as  to  make 
but  one  column.  The  depressions,  however,  are  still  evident, 
and  the  columns  are  spoken  of  as  two  anterior  and  two  poste- 
rior. A change  in  the  position  of  the  grey  matter  is  also  ob- 
servable here,  for  it  is  no  longer  placed  on  the  surface,  as  in  the 
brain,  but  is  entirely  confined  to  the  centre,  so  that  a horizontal 
cut,  carried  through  the  spinal  marrow,  would  give  this  ap- 


pearance. The  indentation  at  the  anterior  face, 


F 


on  the  posterior  face,  p,  is  also  sufficiently 
marked,  so  that  the  division  of  the  column,  by 
a line  from  front  to  rear,  is  sufficiently  obvious. 
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The  lateral  grooves,  l,  l,  are  by  no  means  so  plain,  indeed  they 
are  seldom  to  be  seen,  and  we  have  represented  a slight  indenta- 
tion there,  rather  to  keep  up,  in  the  reader’s  mind,  a recollection 
of  the  distinction  which  exists  between  the  anterior  and  posterior 
columns,  than  as  expressing  anything  our  own  dissections  have 
ever  shown  us.  The  existence  of  this  distraction  will  be  made 
more  evident  when  we  come  to  speak  of  the  functions  performed 
by  the  nerves  derived  from  these  parts.  In  the  centre  of  our 
plan  is  seen  the  grey  matter,  while  that  by  which  it  is  surrounded, 
and  from  which  the  nerves  seem  more  immediately  to  take  their 
origin,  is  white.  At  its  upper  part,  just 
where  it  unites  with  the  brain,  the 
spinal  marrow  becomes  more  complex. 

It  no  longer  consists  merely  of  four 
rods  or  columns ; other  parts  seem  to 
be  interposed  between  them,  as  we  have 
represented;  and  as  those  parts  in- 
crease, so  do  the  nerves  arising  from 
them  perform  more  various  offices. 

This  part  of  the  column  is  not  per- 
fectly spinal : it  lies  within  the  skull, 
gives  origin  to  many  of  the  nerves  of 
the  head,  and  those  which  direct  the 
action  of  some  important  internal  parts,  such  as  the  lungs  and 
stomach ; and  its  division  close  to  this  point  is  certainly  and  im- 
mediately fatal.  At  the  other  extremity,  the  spinal  marrow 
extends  as  far  as  the  loins,  and  there  terminates  by  opening 
out  into  a great  quantity  of  nervous  cords,  whence  spring  the 
nerves  of  the  lower  extremities. 

The  spinal  marrow  is  protected,  in  its  case,  by  an  external 
sheath  of  firm  fibrous  structure,  continuous  with  the  dura  mater 
of  the  brain.  This  membrane,  after  lining  the  skull  and  giving 
sheaths  to  the  several  nerves  passing  out,  descends  into  tho 
ca\ity  of  the  spinal  column  in  something  of  a funnel  shape, 
continuing  to  line  it  all  through,  and  connected  witli  the  bones 
by  means  of  a loose  cellular  structure.  The  spinal  marrow  is 
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more  closely  embraced  by  another  and  much  finer  membrane,  I 
which  is  analogous  to  the  jtia  mater  of  the  brain,  from  which,  I 
however,  it  differs,  by  containing  fewer  blood-vessels,  and  being 
rather  firmer  and  denser  in  structure.  Interposed  between  tbe^ 
two  membranes  is  a third,  termed  the  arachnoid,  which  is  a 
serous  sac  or  bag  having  of  course  two  walls,  one  of  which  lines 
the  interior  of  the  dura  mater,  while  the  other  rests  on  the 
pia  mater,  over  the  whole  surface  of  the  brain,  but  does  not 
slip  down  with  it  into  its  furrows  and  anfract  uosities.  In  the 
spinal  canal,  one  of  its  surfaces  embraces  closely  the  spinal  marrow 
and  the  origin  of  the  nerves,  while  the  other  lines  the  external 
fibrous  sheath,  so  as  to  make  its  internal  surface  smooth  and 
polished,  allowing  free  motion  in  the  different  positions  of  the 
spine.  Having  thus  got  an  idea  of  the  brain  and  spinal  marrow, 
the  central  parts  of  the  nervous  system,  let  us  next  proceed  to 
consider  their  functions. 

The  intricacy  of  the  human  mind,  as  an  object  of  study,  must 
have  been  felt  by  all  who,  either  as  readers  or  writers,  hare 
been  engaged  in  metaphysical  disquisitions ; the  intricacy  of  the 
final  structure  of  the  human  brain,  and  the  next  to  impossibility 
of  unravelling  its  windings,  and  tracing  the  course  of  its  fibres, 
have  long  been  acknowledged  by  the  most  skilful  anatomists  I 
who  have  attempted  the  task.  What  shall  we  think,  then,  of  || 
those  who,  assuming  both  in  their  highest  state  of  complexity,  II 
— the  mind  of  man  in  civilized  life,  moulded  by  external  eireum-  j 
stances,  and  altered  by  an  artificial  system  of  education,  its  best  I 
feelings  perhaps  repressed,  its  whole  bias  changed ; and  the  brain  11  - 
of  the  adult  man,  the  most  perfect  in  structure,  the  best  deve*  II 
loped  in  parts,  the  most  inextricable  in  arrangement,  containing  |j 
in  itself  all  that  is  to  be  found  in  the  brain  of  other  animals : and  II 
then  placing  these  two,  as  it  were,  side  by  side,  should  endeavour  II 
to  explain  the  phenomena  of  the  one  by  the  texture  of  the  other;  II 
connecting  what  was  unknown  in  the  spiritual  power  with  what  II 
was  equally  unknown  in  its  corporeal  organ  ? We  should  surely  N 
consider  they  were  adopting  a most  unlikely  way  to  throw  any  II 
light  upon  either;  yet  such  has  been  the  mode  of  examining  the  I 
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train  and  mind  until  almost  the  present  day.  But  an  entire 
change  has  taken  place,  and  though  it  has  not  yet  been  suf- 
ficiently matured  to  show  the  full  advantages  which  may  arise 
from  it,  yet  much  is  done  when  the  true  way  is  once  pointed  out, 
and  the  results  already  obtained  hold  out  abundant  prospect  of 
much  future  good. 

The  chemist,  when  he  gets  a compound  body  with  various 
qualities,  may  be  required  to  determine  how  far  such  qualities 
are  attached  to  the  individual  component  parts.  He  will  care- 
fully free  such  body  from  all  matters  foreign  to  its  proper  con- 
stitution, he  will  remove  all  external  disturbing  forces,  he  will 
decompose  the  body  into  its  simplest  elements,  acquaint  himself 
fully  with  the  nature  and  properties  of  each  of  those,  re-unite 
them  in  different  proportions,  or  with  the  omission  of  one  or 
more,  and  then  be  able  decidedly  to  answer  how  far  any  quality 
may  have  depended  on  any  component  part,  or  how  far  it  may 
have  resulted  from  the  nature  of  the  whole  compound.  This, 
however,  is  a privilege  not  within  reach  of  the  physiologist. 
He  cannot  separate  the  brain  into  organs,  if  it  really  be  composed 
of  such,  and  observe  the  functions  and  office  of  each ; he  cannot 
dissect  out  one  of  those  organs,  and  observe  whether  a corres- 
ponding faculty  be  removed.  Even  Gall  and  Spurzheim,  who 
have  mapped  out  the  brain  into  twenty-four  or  thirty-five  regions, 
and  assigned  to  each  the  performance  of  some  intellectual  duty 
or  passion,  have  never  attempted  to  show  how  deep  one  of  these 
organs  can  be  said  to  go,  and  by  what  means  they  infer  diversity 
where  anatomy  only  shows  us  the  most  intricate  and  inseparable 
connexions.  An  analysis  of  this  organ,  then,  is  beyond  our 
reach ; but  to  a certain  extent  it  has  been  performed  for  us  by 
the  hand  of  nature.  There  are  two  modes  in  which  it  may  be 
observed;  either  altogether  in  the  human  subject,  by  commencing 
with  the  earliest  appearance  of  a nervous  fabric  in  the  fetus  of  a 
few  weeks  old,  and  watching  the  gradual  addition  or  development 
of  parts  until  its  perfect  state  is  arrived  at;  or  by  tracing  it 
through  the  different  vertebrated  families  of  the  animal  king- 
dom,  from  the  first  faint  representative  of  a brain  afforded  by 
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the  scanty  medullary  masses  that  appear  in  the  skull  of  a ray, 
merely  composed,  as  it  were,  of  the  enlarged  origins  of  the  nerves, 
up  to  the  brain  of  man,  in  which  these  origins,  chiefly  confined 
to  the  upper  part  of  the  spinal  marrow  {medulla  oblongata),  bear 
no  relation  to  the  great  hulk  of  the  cerebral  lobes,  which  seem  to 
have  no  direct  connexion  with  the  organs  of  sense,  but  to  be 
entirely  employed  in  performing  the  functions  of  what  we  call 
mind.  Our  principal  guides,  in  this  very  interesting  analytical 
observation,  are  Soemmering,  Tiedemann,  Keil,  Gall  and  Spur- 
zlieim,  Desmoulins  and  Magendie,  and  Serres.  We  shall  en- 
deavour to  explain  a few  of  their  views. 

It  is  said,  and,  as  an  abstract  truth,  the  same  holds  good, 
that  all  differences  in  animal  organization  are  embraced  by  one  I 
law,  and  included  in  the  same  formula ; and  to  this  we  have  I 
already  alluded,  when  speaking  of  cellular  tissue.  It  is  said  I 
that  lower  animals  are,  as  it  were,  the  permanent  embryos  of  I 
animals  higher  in  the  scale  of  life ; while,  ‘ reciprocally,  the  I 
superior  beings,  before  they  arrive  at  the  definite  forms  which 
characterize  them,  transitorily  offer  those  of  the  lower  ani- 
mals and  this  is  the  compass  that  will  guide  us  in  our  pre- 
sent investigation.  The  method  of  acquiring  a knowledge  of 
the  organization  of  the  more  complex  animals  has  been  too 
analytical;  we  have  been  called  to  view  the  finished  master- 
piece of  man,  the  most  intricate  of  all  structures,  and  have  not 
only  attempted  to  unfold  each  tissue,  and  unravel  every  fibre, 
but  have  expected  thus  to  find  the  principle  of  the  whole ; as 
if  nature  had  hidden  her  secret  in  the  most  tangled  warp  of 
this  material  frame : what  wonder  then  if  we  lost  the  path  of 
our  inquiry  in  the  labyrinth  of  the  brain?  If  we  wished  to 
acquire  a knowledge  of  the  mechanism  of  a watch,  confident  in 
our  own  powers  of  observation,  and  stimulated  by  curiosity.  |l 
our  first  impulse  might  be  to  pull  one  to  pieces  for  ourselves;  I 
but,  broken  works  and  confused  ideas  could  be  the  only  fruit  I 
of  our  impatience : experience  would  soon  send  us  to  some 
skilful  artist,  who  would  teach  us  the  form  and  adaptation  of 
each  separate  part ; and  thus  we  should  be  enabled  to  comprc- 
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bend  the  principle  of  the  connected  whole.  And  so  it  is  with 
living  forms,  only,  with  this  advantage, — the  embryo-life  of  a 
given  animal  is,  as  it  were,  the  index-map — the  type — of  all 
beneath  that  animal  in  the  scale  of  living  beings.  The  student 
has  thus  two  great  schools,  in  both  of  which  the  same  method 
of  study  is  observed.  He  may  trace  any  organ  of  our  frame 
from  its  simplest  form  in  the  lowest  animal  in  which  it  has 
been  observed,  marking  the  addition  of  each  fresh  part,  accord- 
ing to  the  necessities  of  the  individual,  till  he  comes  to  study 
its  final  and  most  perfect  form  in  man ; or  else,  he  may  trace 
the  gradual  development  of  the  same  organ  in  the  human 
foetus.  Nature  starts  from  the  same  fixed  point  in  both  of 
these  her  courses ; advancing  from  the  most  simple  to  the  most 
complex,  superadding  part  to  part,  she  builds  up  the  synthesis 
of  life;  and  this  is  the  synthesis  of  study  which  is  rapidly 
advancing  in  all  the  higher  schools  of  natural  science,  and  is 
that  which  we  propose  to  follow  in  our  present  investigation  of 
the  nervous  system  of  man. 

Examined  at  the  earliest  period  that  it  is  cognizable  to  the 
senses,  the  human  brain  appears  a simple  fold  of  nervous 
matter,  with  difficulty  distinguishable  into  three  parts,  while 
a little  tail-like  prolongation  towards  the  hinder  parts,  and 
which  had  been  the  first  to  appear,  is  the  only  representation 
of  a spinal  marrow.  Now  in  this  state  it  resembles  the  brain 
of  an  adult  fish,  thus  assuming,  in  transitu,  the  form  that  in 
the  fish  is  permanent.  In  a short  time,  however,  the  structure 
is  become  more  complex,  the  parts  more  distinct,  the  spinal 
marrow  better  marked ; it  may  now  be  compared  to  the  brain 
of  a reptile.  The  change  continues:  by  a singular  motion,  cer- 
tain parts  (corpora  quadric/ emina),  which  had  hitherto  appeared 
on  the  upper  surface,  now  pass  towards  the  lower  ; the  former 
is  their  permanent  situation  in  fishes  and  reptiles,  the  latter  in 
birds  and  mammalia.  This  is  another  advance  in  the  scale,  but 
more  remains  yet  to  be  done.  The  complication  of  the  organ 
increases;  cavities,  termed  ventricles,  are  formed,  which  do  not 
exist  in  either  fishes,  reptiles,  or  birds;  curiously-organized 
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parts,  such  as  the  corpora  striata  or  superior  tubercles  of  the 
cerebrum,  are  added;  it  is  now  the  brain  of  the  mammalia. 
Its  last  and  final  change  alone  seems  wanting ; that  which  shall 
render  it  the  brain  of  mas.  We  thus  see  that  man,  considered 
merely  as  an  animal,  is,  by  his  organization,  superior  to  every 
other  being;  and  that,  in  the  growth  of  a single  individual, 
Nature  exhausts,  as  it  were,  the  structure  of  all  other  animals 
before  she  arrives  at  this  her  chef-d’ oeuvre.  But  we  have  not 
yet  done  with  the  human  brain.  In  addition  to  the  above 
facts,  for  which  we  are  chiefly  indebted  to  Tiedemann,  M.  Serres 
has  made  the  still  more  singular  observation,  that  in  the 
advance  towards  the  perfect  brain  of  the  Caucasian,  or  highest 
variety  of  the  human  species,  this  organ  not  only  goes  through 
the  animal  transmigrations  we  have  mentioned,  but  successively 
represents  the  characters  with  which  it  is  found  in  the  Negro, 
Malay,  American,  and  Mongolian  nations.  Nay,  further,  the 
face  partakes  in  these  alterations.  Amongst  the  earliest  points 
in  which  ossification  commences  are  the  jaws.  Their  bones  are, 
consequently,  completed  sooner  than  the  other  bones  of  the 
head,  and  so  acquire  a predominance  which,  as  is  well  known, 
they  never  lose  in  the  Negro. 

During  the  soft  pliant  state  of  the  bones  of  the  skull,  the 
oblong  form  which  they  naturally  assume  approaches  nearly  I 
the  permanent  shape  of  the  Americans.  At  birth,  the  flattened  | 
face  and  broad  smooth  forehead  of  the  infant,  the  position  of  the  I 
eyes  rather  towards  the  side  of  the  head,  and  the  widened  space 
between,  represent  the  Mongolian  form ; while  it  is  only  as  the  | 
child  advances  towards  maturity,  that  the  oval  face,  the  arched 
forehead,  and  the  marked  features  of  the  true  Caucasian  become  | 
perfectly  developed. 

Now  associated  with  these  progressive  stages  of  the  brain  I 
and  head,  there  would  seem  to  be  a certain  proportionate  de- 
velopment of  innate  faculties.  Thus,  as  a general  rule,  the  I 
reptile,  in  its  habits  and  mode  of  life,  exhibits  a higher  degree  of  I 
instinct  than  a fish,  a bud  than  a reptile,  a mammiferous  animal  [ 
than  a bird;  while  at  flic  head  of  all  is  man,  who  not  only 
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excels  the  rest  in  extent  of  intellect,  but  by  the  super -addition  of 
the  moral  and  religious  feelings  which  he  alone  seems  to  enjoy. 
We  must  carefully  guard  ourselves  here  against  being  supposed 
to  assert  an  uniform  predominance,  either  in  quantity  of  brain 
or  development  of  faculties,  of  every  member  of  one  class  over 
every  member  of  another ; an  elephant  may  have  more  brains 
than  a man,  or  a canary  bird  show  more  docility  than  a sloth  ; 
still  less  do  we  mean  to  maintain  the  old  ideas  of  a regular 
gradation  or  uninterrupted  chain,  according  to  which  all  animals 
could  be  arranged  so  as  to  show  their  relative  connexions,  and 
mark  their  reciprocal  superiority.  No ; Cuvier  has  shown  the 
impracticability  of  such  a scheme ; he  has  shown  that  the  lines 
which  the  different  classes  form,  must  sometimes  be  considered 
as  not  successive,  but  parallel ; that  the  beginning  of  one  may 
extend  considerably  above  the  termination  of  the  preceding. 
Our  rule,  therefore,  though  generally  correct,  must  be  taken  as 
admitting  of  exceptions.  Now  considering  the  state  of  the 
human  brain  also,  we  find  certain  progressions.  It  is  compara- 
tively simple  at  first,  when  it  presents  only  three  hollow  vesicles 
of  nervous  matter.  Parts  continue  to  be  added,  as  we  have  seen, 
convolutions  appear  about  the  fourth  month  of  foetal  life,  and 
even  after  birth  changes  take  place,  for  the  necessary  completion 
of  which  we  know  the  skull  remains  for  some  time  unclosed. 
During  all  this  time,  too,  new  faculties  are  appearing,  new 
powers  developing  themselves  ; it  was,  therefore,  sufficiently 
natural  to  attempt  to  connect  the  one  with  the  other,  and  to 
suppose  that  the  mind  might  be  estimated  by  the  brain.  Other 
facts  tended  to  support  this  idea.  Perception  evidently  took 
place  in  the  brain.  Cut  the  nerve  leading  from  the  eye,  and 
there  is  no  longer  perception  of  light,  though  the  eye,  as  an 
optical  instrument,  is  as  perfect  as  ever.  The  rays  of  light  will 
strike  on  the  cornea,  they  will  be  brought  to  a focus  by  the 
crystalline  and  other  humours,  they  will  be  applied  in  the  usual 
manner  to  the  sentient  extremity  of  the  optic  nerve,  spread  out 
as  before  in  the  bottom  of  the  eye  to  receive  them ; but  no  per- 
ception follows,  for  the  nerve  is  divided,  and  the  impression  can- 
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not  be  conveyed  to  the  brain.  In  the  same  way,  if  the  nerve  of 
sensation,*  going  to  any  part,  be  tied  or  divided,  though  the 
part  be  scratched,  or  bruised,  or  cut,  or  burned,  no  pain  is  felt,  for 
the  communication  with  the  brain  is  interrupted.  Again,  if  the 
nerve  of  motion,*  going  to  a part,  be  cut,  though  any  injury 
done  to  that  part  will  be  felt  as  acutely  as  before,  and  the  wish 
to  remove  it  from  the  offending  substance  will  be  as  strong  as 
ever,  yet  the  limb  will  not  be  removed.  Why  then  is  this? 
The  power  to  move  the  part  exists ; for,  if  you  send  an  electric 
shock  along  the  nerves,  the  muscles  will  at  once  contract  and 
produce  motion;  we  are  conscious  that  the  will  also  exists; 
the  reason,  then,  why  the  one  does  not  excite  the  other,  is,  that 
they’-  are  placed  at  opposite  ends  of  a chain  that  has  been  severed ; 
the  chain  is  the  nerve,  one  end  of  it  terminates  in  the  muscle, 
there  we  know  is  the  power  of  motion : the  other  end  terminates 
in  the  brain,  there,  therefore,  must  be  the  will.  Xow  volition 
and  perception  are  two  of  the  operations  of  the  mind,  and  we 
have  been  distinctly  able  to  show  that  their  seat  is  in  the  brain. 

Other  of  the  mental  faculties  have  been  also  traced,  though 
not  so  directly.  Memory  is  seated  in  the  brain;  its  loss  is 
found  to  result  from  certain  injuries  to  the  brain.  A Parisian 
beggar,  who  had  lost  part  of  his  skull  by  a wound,  used,  for  a 
small  sum,  to  allow  the  silver  plate  by  which  it  was  replaced  to 
be  removed,  and  gentle  pressure  to  be  made  on  his  brain.  The 
invariable  result  was  a loss  of  sense ; then,  of  consciousness  : his 
memory  totally  left  him,  he  became  lethargic:  on  removing  the 
pressure,  these  symptoms  all  vanished.  In  apoplexy  nearly  the 
same  thing  occurs.  A vessel,  perhaps,  is  ruptured,  and  blood 
effused  either  in  the  substance  or  on  the  surface  of  the  brain. 
By  this  effusion  pressure  is  made  on  the  brain : the  patient  falls 
insensible,  and  appears  in  a deep  sleep.  Belief  is  only  obtained 
by  a copious  bleeding,  which  diminishes  the  quantity  contained  in 
the  vessels,  and  such  subsequent  measures  as  will  prevent  too 

* This  division  of  the  nerves,  into  nerves  of  sensation  and  nerves  of  motion, 
will  he  explained,  when  speaking  of  Sir  Charles  Bell's  discoveries. 
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rapid  a current  being  again  sent  to  the  brain.  Likewise  when, 
by  a blow  or  fall,  the  skull  is  fractured,  and  part  of  it  pressed  in 
on  the  brain,  insensibility  results,  until  the  surgeon  trephines  the 
neighbouring  part  of  the  skull,  insinuates  an  instrument  by  the 
opening  he  has  thus  made,  and  relieves  the  brain  by  raising  the 
depressed  bone.  Ei'om  such  circumstances  we  are  inevitably  led 
to  one  of  two  conclusions,  either  the  brain  is  the  organ  of  the 
mind,  or  the  brain  is  itself  the  mind.  The  former  is  the  doctrine 
of  the  immaterialists,  or  those  who  maintain  the  existence  of  the 
soul  as  a separate  principle ; the  latter  of  the  materialists,  who 
conclude  that  perception,  memory,  judgment,  &c.,  are  merely  the 
productions  of  the  brain,  in  the  same  manner  as  the  bile  is  pro- 
duced by  the  liver,  the  urine  by  the  kidneys,  &c.  Why  we  hold 
the  former  opinion,  we  shall  proceed  to  state,  earnestly  depre- 
cating the  introduction  of  personal  feelings,  asperity  of  language, 
or  imputation  of  motives,  which  can  only  serve  to  obscure  truth, 
and  add  to  the  difficulties,  already  sufficiently  numerous,  which 
must  attend  on  such  an  inquiry.  1 The  mind,’  says  Locke,  ‘ is 
like  the  eye,  which,  while  it  enables  us  to  perceive  all  other 
objects,  takes  no  notice  of  itself,  and  requires  art  and  pains  to 
set  it  at  a distance,  and  make  it  the  object  of  its  own  con- 
templation.’ 

And  first,  how  do  wo  recognise  any  two  objects  as  distinct  ? 
For  what  reason  do  we  conclude  that  chalk  is  not  cheese,  or 
skim-milk  not  ebony  ? These  are  points  on  which  all  agree : on 
what,  then,  is  founded  this  universal  assent  to  the  difference  of 
these  bodies  ? Evidently  on  the  fact  that  they  possess  different 
properties.  We  know  nothing  of  the  essential  nature  of  ebony 
or  skim-milk,  we  never  think  of  inquiring  into  it ; we  see  that 
the  one  is  hard,  black,  heavy,  and  solid ; the  other  soft,  white, 
light,  and  fluid,  and  we  at  once  come  to  the  obvious  conclusion 
that  they  are  different  bodies,  without  asking  what  may  be  in 
each  case  the  essence  in  which  these  properties  are  inherent. 
Now  apply  this  to  mind  and  matter.  We  are  as  ignorant  of  the 
essence  of  the  one  as  of  the  other;  but  we  recognise  their  ex- 
istence by  their  properties.  The  properties  of  body  are  bulk. 
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weight,  solidity,  resistance,  &c. ; of  mind,  joy,  hope,  fear,  belief, 
doubt,  &c. ; but  weight  is  not  belief,  neither  is  solidity  joy : 
therefore,  as  skim-milk  is  not  ebony,  so  neither  is  mind  matter.* 

Secondly : — Physiology  teaches  us  that  the  particles  of  all 
living  bodies  are  in  a constant  state  of  change.  Supplied  by  the 
digestive  organs,  they  are  taken  up  by  the  lacteals,  conveyed  to 
all  parts  of  the  body,  laid  down  there  in  the  form  suitable  to 
each,  and  when  they  have  performed  then-  duty,  are  again  broken 
down  or  dissolved,  carried  away  by  the  absorbents,  and  removed 
from  the  system,  while  their  place  is  taken  by  a new  set  of  par- 
ticles, destined  in  turn  to  undergo  similar  removal.  But  the 
man  does  not  change,  though  his  body  does  ; he  is  conscious  he 
is  the  same  individual  now  as  he  was  ten  years  since ; his  con- 
sciousness is  joined  with  memory,  constant  and  unbroken,  and 
it  yet  remains  for  materialists  to  show  how  this  memory  is  com- 
patible  with  a mind,  which  we  can  prove  to  have  been  built  up 
several  times  within  that  period,  unless,  indeed,  they  are  con- 
tented with  the  supposition,  that  the  set  of  particles  which  are 
passing  away  communicate  to  the  particles  by  which  they  are 
succeeded  the  impressions  originally  made  on  themselves  by 
external  objects.  Indeed,  materialists,  in  seeking  to  avoid  one 
difficulty,  fling  themselves  into  a thousand. 

Thirdly  : — Every  man  is  conscious  of  the  individuality  of  his 
own  existence.  He  knows  himself  to  be  one,  and  not  two,  or 
any  greater  number.  This  he  is  sure  of,  and  no  arguments, 
however  refined  or  ingenious,  can  shake  him  in  this  conviction. 
But  this  unity  cannot  exist  in  his  body,  which  is  made  up  of 
thousands  of  particles,  and  is  not  for  five  minutes  together  the 
same  : where,  then,  can  it  exist,  hut  in  the  mind?  The  brain  is 
no  more  a unit  than  the  whole  body ; neither  is  any  particular 
organ  of  the  brain,  if  such  there  be,  more  a unit  than  the  entire 
brain.  * An  organ,’  says  the  ingenious  Dr.  Brown,  ‘ is  not  one 
substance,  but  many  substances.  If  joy  or  sorrow  be  an  affec- 


* It  is  evident  that  this  argument  may  he  considered  inconclusive,  in  conse- 
quence of  the  imperfection  of  our  senses:  it  is  only  used  here  to  show  that  a 
mode  of  proof,  which,  in  ordinary  enses,  commands  universal  assent,  applies 
with  equal  force  to  demonstrate  the  difference  between  mind  and  matter. 
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tion  of  this  organ,  it  is  an  affection  of  the  various  substances 
■which,  though  distinct  in  their  own  existences,  we  comprehend 
under  this  single  term.  If  the  affection,  therefore,  be  common 
to  the  whole  system  of  particles,  it  is  not  one  joy  or  sorrow,  but 
a number  of  joys  and  sorrows,  corresponding  with  the  number 
of  separate  particles  thus  affected ; which,  if  matter  be  infinitely 
divisible,  may  be  divided  into  an  infinite  number  of  little 
joys  and  sorrows,  that  have  no  other  relation  to  each  other, 
in  their  state  of  infinitesimal  division,  than  the  relations  of 
proximity  by  which  they  may  be  grouped  together  in  spheres, 
or  cubes,  or  other  solids,  regular  or  irregular,  of  pleasures  or 
pains ; but  by  which  it  is  impossible  for  them  to  become  one 
pleasure  or  pain,  more  than  any  particle  of  insentient  matter,  or 
any  mass  of  such  matter,  become  any  other  mass.’  The  unity  of 
any  organ,  then,  merely  depends  on  the  act  of  the  mind  in  con- 
sidering it  as  one ; it  exists  as  made  up  of  many  parts,  the  mind 
views  it  as  one  whole : take  the  question  how  we  will,  we  still 
find  that  between  mind  and  matter  ‘ there  is  a great,  gulf  fixed.’ 
Fourthly : — Philosophers  tell  us  that  matter  is  indestructible. 
It  exists  now  in  one  form,  it  is  dissolved  in  obedience  to  certain 
laws,  straightway  it  enters  into  new  combinations,  and  re-appears 
in  another  form.  This  seems  a necessary  result  from  the  dis- 
coveries of  the  pneumatic  chemists.  There  can  be  no  doubt  but 
that  He  who  created  matter,  could,  in  like  manner,  cause  its 
existence  to  cease ; but  such  cessation  of  existence  never  occurs 
in  the  present  system  of  things.  The  earth  consists  of  the  same 
individual  particles  which  formed  it  on  the  day  that  it  left  the 
hands  of  its  Creator,  who  ‘ measured  the  dust  in  handfuls,  and 
weighed  the  hill.s  in  His  balance.’  Without  a special  interference 
of  His  power  these  particles  are  eternal.  The  general  properties  of 
matter  will  be,  in  like  manner,  eternal;  gravity  is  eternal; 
electric  influence  is  eternal ; chemical  affinity  is  eternal.  And 
shall  it  be  said,  that  the  mind  of  man,  which  has  comprehended 
and  investigated  all  these  properties,  which  has  estimated  their 
power,  and  set  bounds  to  their  effects,  which  can  trace  the  course 
of  the  stars  in  the  heavens,  and  calculate  the  all  but  limitless 
wanderings  of  a comet  through  space,  that  this  mind,  which 
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elevates  us  from  earth,  and  forms  the  link  that  hinds  us  to 
ethereal  beings,  is  alone  mortal ; that  it  goes  down  ‘ to  the  vile 
dust  from  whence  we  sprung;’  that  it  perishes  with  the  disor- 
ganization of  the  brain,  and  that  all  our  advances  in  science,  our 
progression  in  knowledge,  our  extension  of  intellect,  every  effort 
of  reason  or  education  towards  improvement  and  perfection,  must 
at  last  terminate  in  annihilation  ? 

No  : reason  disproves,  our  best  feelings  revolt  from,  such  a 
supposition.  He,  without  whose  knowledge  not  a sparrow  falls 
to  the  ground,  who  has  numbered  the  very  hairs  of  our  head, 
takes  not  such  slight  account  of  this,  His  Lest  and  noblest  gift 
to  man,  as  to  leave  it  dependent  on  our  frail  earthly  tenement ; 
He,  with  whom  there  is  no  variableness,  neither  shadow  of  turn- 
ing, is  incapable  of  that  mutability  of  purpose  which  would 
attend  on  the  materialist’s  theory,  that  this  intellect  is  destroyed 
to-day,  only  to  he  re-created  in  equal  vigour  at  some  future  time. 

There  only  remains  for  us  to  notice  the  argument  supposed 
to  he  founded  partly  on  anatomical,  parity  on  physiological  prin- 
ciples. It  is  said  the  brain  is  a gland  of  a peculiarly  intricate 
conformation ; the  blood  sent  to  it  is  the  fifth  part  of  the  blood 
of  the  entire  body ; but  by  weight  the  brain  would  not  exceed 
the  thirtieth  part  of  the  body ; to  what  use,  then,  serves  this 
immense  quantity  of  blood,  unless  as  the  liver  separates  bile, 
so  the  brain  separates  certain  principles,  which  it  elaborates 
into  thoughts.  Now,  the  analogy  is  false,  and  the  argument- 
vicious.  The  analogy  is  false,  for  we  can  show  in  the  blood 
the  elementary  particles  out  of  which  bile  is  formed,  so  that  the 
liver  is  only  required  to  change  their  form  of  aggregation,  or 
remove  some  of  them,  leaving  others;  but  who  has  ever  dis- 
covered in  the  blood  the  matter  of  hope  or  doubt  ? The  argu- 
ment is  vicious ; for  if  we  simply  deny  the  brain  to  be  a gland, 
and  ask  them  for  proof,  it  falls  to  the  ground.  They  either 
assume  the  brain  to  be  a gland,  and  then  prove  the  thoughts  to 
be  secretions,  because  glands  always  form  secretions : or  going 
to  work  the  other  way,  assume  thoughts  to  be  secretions,  and 
then  prove  the  brain  to  be  a gland,  because  secretions  only  come 
from  glands.  Our  ignorance  of  the  exact  mode  in  which  the 
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large  quantity  of  blood  supplied  to  the  brain  is  used,  is  no  reason 
why  we  should  adopt  an  absurd  explanation  ; and  can  anything 
be  more  absurd,  or  more  incomprehensible,  than  that  one  mate- 
rial body,  the  brain,  should,  out  of  another  material  body,  the 
blood,  form  immaterial  bodies  (if  this  be  not  a contradiction  in 
terms),  thoughts  ? The  only  way  of  evading  this,  is  by  boldly 
asserting  that  as  the  mind  is  material,  so  are  the  thoughts 
nothing  but  little  particles  of  matter,  variously  configured ; and 
then  ‘ it  will  be  not  more  absurd  to  talk  of  the  twentieth  paid  of 
an  affirmation,  or  the  quarter  of  a hope,  of  the  top  of  a remem- 
brance, and  the  north  and  east  corners  of  a comparison,  than  of 
the  twentieth  part  of  a pound,  or  of  the  different  points  of  the 
compass  in  reference  to  any  part  of  the  globe  of  which  we  may 
be  speaking.’ 

We  hope  our  readers  will  now  agree  with  us  that  the  brain 
is  not  the  mind ; the  other  conclusion  is,  therefore,  established, 
— the  brain  is  the  organ  of  the  mind. 

It  becomes  interesting  next  to  inquire  how  far  the  develop- 
ment of  this  organ  may  serve  as  an  indication  of  the  mental 
powers  of  the  individual.  Tor  this  purpose  it  is  necessary  to 
decide  on  some  mode,  according  to  which  the  measurement 
should  be  made,  and  of  those  proposed,  Camper’s,  Blumenbach’s, 
and  Cuvier’s,  have  attained  the  most  celebrity.  The  head  may 
be  considered  as  divided  into  the  face  and  skull:  the  former 
being  chiefly  occupied  by  the  organs  of  sense,  and  the  latter  by 
the  organ  of  mind ; it  was  concluded  that  the  preponderance  of 
one  or  the  other  would  indicate  the  superiority  of  the  senses,  as  in 
the  lower  order  of  animals,  or  of  the  intellect,  as  in  man.  To  ascer- 
tain their  proportions,  Camper  proposed  his  facial  line  and  facial 
angle.  The  former  was  gained  by  drawing  a line  from  the  most 
projecting  point  of  the  forehead  to  the  insertion  of  the  teeth  in 
the  upper  jaw;  the  other,  by  causing  a horizontal  line,  passing 
through  the  external  orifice  of  the  ear,  to  intersect  the  facial  line. 
This  will  be  better  understood  from  a sketch  of  four  heads, 
which  we  shall  mark  in  Camper’s  manner. 

He  was  led  to  the  construction  of  those  lines  by  the  diffi- 
culty he  experienced,  when  young,  in  ascertaining  the  charac- 
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teristic  marks  of  the  heads  of  different  nations.  This,  it  ap- 1 
peared  to  him,  had  been  grievously  neglected  by  some  of  the-  II 
later  painters,  insomuch,  that  they  made  little  difference  be- 1 
tween  a negro  and  an  European,  except  in  colour.  ‘ I was  set,’  I 
he  says,  ‘ by  my  master,  to  paint  one  of  the  beautiful  pieces  of  I 
Yan  Tempel,  in  which  there  was  the  figure  of  a Moor,  that  by  no  I 
means  pleased  me.  In  his  colour  he  was  a black;  but  his  I 
features  were  European.  As  I could  neither  please  myself,  nor  I 
gain  any  proper  directions,  I desisted  from  the  undertaking.  By  11 
critically  examining  the  prints  taken  from  Guido  Beni,  C.  I 
Maratti,  Seb.  Bicci,  and  P.  P.  Bubens,  I observed  that  they,  in 
painting  the  countenances  of  the  Eastern  Magi,  had,  like  Yan 
Tempel,  painted  black  men,  but  they  were  not  Moors.  The 
celebrated  engraver,  Cornelius  Yischer,  was  the  only  one  who 
appeared  to  me  to  have  followed  nature.’  How,  in  this  case,  it 
happens  that  the  painters  were  right,  and  Camper  wrong,  for  the 
Moors,  or  inhabitants  of  the  northern  parts  of  Africa  belong  not  i 
to  the  negro,  but  to  the  Caucasian  variety,  as  we  shall  mention 
more  fully  when  speaking  on  this  subject ; and  their  children, 
when  first  born,  as  well  as  their  women,  who  are  little  exposed 
to  the  effects  of  the  [weather,  are  nearly  or  altogether  as  fair 
as  those  of  the  south  of  Europe.  . The  Eastern  Magi,  too, 
in  all  probability,  belonged  to  some  Caucasian  tribe ; but  the  I 
observation,  though  thus  originating  in  mistake,  proved  the  cause  I 
of  very  useful  results,  for  it  set  him  on  inquiring  the  true  prin- 1 
ciples  of  delineating  heads  according  to  the  idea  intended  to  be  I 
conveyed. 

And  now,  referring  to  our  plate,  we  shall  at  once  observe, 
what  struck  Camper  after  having  drawn  several  heads  on  a 
horizontal  plane,  in  order  to  discover  the  cause  of  their  diffe- 
rence, that  this  difference  may  be  represented  by  the  inclination 
of  the  facial  line,  and  is  measured  by  the  angle  this  line  forms 
with  the  horizon,  or  with  a line  parallel  to  the  horizon,  drawn 
through  the  external  opening  of  the  ear.  It  is  clear,  then,  that 
as  the  skull  (the  part  containing  the  brain)  augments  in  volume, 
so  will  the  forehead  be  more  projecting,  and  consequently  the 
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facial  angle  will  increase ; but  as  the  skull  diminishes,  so  will  the 
forehead  retreat,  and  the  facial  angle  become  sharper.  The 
greatest  angle  is  that  which  occurs  in  the  human  species,  and 
in  a well-formed  Caucasian  head,  it  reaches  very  nearly  a right 
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angle,  that  is,  tl  le  front  of  the  skull  is  situated  almost  perpen- 
dicularly over  the  face.  . According  as  this  angle  diminishes, 
so  does  the  proportion  of  the  intellectual  to  the  sensorial  parts  - 
of  the  head,  and  by  continuing  to  close  it,  we  should  succes- 
sively represent  the  facial  angle  of  the  negro,  the  ape,  the  dog. 
the  snipe,  until  we  at  last  reached  fishes,  in  which  the  head 
going  hack  straight  from  the  nose,  these  two  lines  become 
identical  or  parallel,  and  the  angle  ceases  altogether.  The 
ancient  Greek  artists  seem  to  have  understood  this  point,  and 
seeing  that  every  diminution  of  the  angle  took  away  from  the 
expression  of  dignity  and  elevation,  they,  in  depicting  their 
gods,  to  whom  of  course  they  attributed  superhuman  attri-  I 
butes,  actually  enlarged  the  angle  beyond  what  we  know  it  to  I 
exist  in  nature,  and  in  their  Jupiter  Tonans  have  made  the  I 
forehead  to  overhang  the  face,  as  if  completely  to  express  the  I 
mastery  of  the  intellect  over  the  observations  of  the  senses.  I 
It  is  evident  that  an  elongation  of  the  jaws  would  have  the 
same  effect  on  the  facial  angle  as  the  diminution  of  the  skull ; 
and  when  this  takes  place  in  the  lower  animals,  such  as  cranes, 
snipes,  &c.,  it  gives  them  that  silly  aspect,  which  has  caused 
these  long-hilled  animals  to  become  proverbial  for  stupidity. 
Confined  to  the  human  kind,  this  facial  angle  is  of  much  use 
in  ascertaining  the  relative  size  of  the  brain,  and  it  may  even 
he  extended  with  advantage  to  apes;  because  in  both  these 
the  tables  of  the  skull  are  not  very  far  from  being  parallel,  and 
are  not  yet  separated  from  each  other  but  by  moderate  cavities.  I 
termed  frontal  sinuses.  But  •when  we  descend  below  these  to 
carnivorous  animals,  hogs,  some  ruminant  animals,  but,  above 
all,  the  elephant,  this  measure  totally  fails  us,  as  the  plates  of 
their  skull  arc  separated  sometimes  to  a very  considerable  dis- 
tance, and  we,  drawing  our  line  according  to  the  outer,  can 
form  no  idea  respecting  the  inner,  nor,  consequently,  respecting 
the  real  fulness  or  protuberance  of  the  brain.  Blumenbach 
was  induced  to  propose  a different  mode  of  estimating  the  pro- 
portions, but  his,  also,  was  chiefly  applicable  to  the  human 
head.  He  placed  his  skulls,  of  which  he  had  a magnificat 
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collection,  upright,  on  their  hinder  or  occipital  part,  and  having 
ranged  them  on  a table,  placed  himself  behind,  and  was  thus 
able  at  one  glance  to  observe  the  most  important  points  in 
which  they  differed,  such  as  the  greater  or  less  breadth  at  any 
particular  part,  the  projection  or  non-projection  of  the  jaws 
be}'ond  the  level  of  the  forehead,  &c.,  and  from  these  he  has 
been  able  to  establish  many  national  characteristics.  But  the 
most  perfect  mode  is  that  proposed  by  Cuvier,  which  consists  in 
making  a vertical  section  of  the  skull  from  front  to  rear,  and 
then  observing  the  relative  proportions  of  the  cavity  of  the  brain 
to  the  part  of  the  section,  which  answered  as  framework  to  the 
face,  or  organs  of  sense ; in  our  cut  the  line  a b nearly  divides 
these  parts  from  one  another. 

In  the  European,  the  area  of  this  cavity  is  almost  four  times 
that  of  the  face,  not  including  the  lower  jaw.  In  the  negro, 
the  cavity  remaining  the  same,  the  area  of  the  section  of  the 
face  is  augmented  about  one-fifth.  In  the  Calmuek  it  increases 
but  one-tenth.  The  proportion  is  still  less  in  the  ourang-outang ; 
in  the  sapajous  the  cavity  is  but  double  the  face;  in  the  mandrills 
they  are  nearly  equal,  and  this  is  the  case  with  most  carnivorous 
animals.  The  proportions  then  begin  to  alter ; the  section  of  the 
face  in  the  hare  is  one-third  larger  than  that  of  the  brain-cavity;  it 
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is  double  in  tbe  porcupine,  more  than  double  in  the  hog,  three  times 
its  size  in  the  hippopotamus,  and  almost  four  times  in  the  horse. 
In  this  last  example,  however,  it  appears  to  us  that  a new  element 
must  be  introduced  into  the  calculation,  as  we  can  by  no  means 
agree  that  the  horse  is  endowed  with  less  instinct  than  a hare  or 
a hog.  The  reason  of  the  great  elongation  of  the  face-bones  in 
this  animal  is  to  be  sought  for  in  the  fact,  that  nature,  while  it 
intended  it  to  be  fleet  in  the  course,  destined  it  also  to  live  on 
the  herbage  that  grows  on  the  surface  of  the  ground.  For  the 
former  purpose  length  of  legs  was  evidently  necessary,  that  it 
might  make  those  astonishing  stretches  which  enabled  Flying 
Childers  to  run  six  miles  in  six  minutes.  But  this  length  of 
leg  lifted  it,  as  it  were,  out  of  reach  of  its  food,  which,  as  we 
have  said,  was  on  the  surface'  of  the  ground.  There  were  but 
two  ways,  then,  of  arranging  this, — either  by  lengthening  the 
animal’s  neck,  or  by  lengthening  its  head;  which  was  pre- 
ferable? The  horse,  being  an  herbivorous  animal,  necessarily 
required  broad  flat  grinders  to  rub  down  its  food  into  a paste 
before  swallowing  it.  These  grinders,  then,  must  be  inserted 
in  large  jaws,  and  to  move  the  jaws  strong  muscles  were 
required.  A strong  muscle  requires  a large  surface  for  attach- 
ment, and  as  the  muscles  which  move  the  lower  jaw  have  their 
origin  on  the  sides  of  the  skull,  it  was  necessarv  that  the  skull 
should  be  large  and  heavy.  Now,  a weight  is  wonderfully 
increased  by  being  carried  on  the  end  of  a long  lever,  as  every 
one  knows  who  has  seen  a man  attempt  to  raise  a musket 
holding  it  by  its  muzzle,  at  the.  full  extent  of  his  arm.  He 
will  probably  fail,  or  do  so  with  great  difficulty,  while  we 
know  that  if  he  grasps  the  musket  in  the  usual  way  he  can 
raise  it  with  ease.  For  the  same  reason  it  would  be  most 
inconvenient  to  a horse  were  it  obliged  to  carry  the  weight  of 
its  head  on  the  end  of  a long,  stretched-out  neck ; and  when  a 
horse  appears  with  such  a formation,  persons  who  understand 
the  subject  will  never  buy  it,  because  the  great  additional 
weight,  thus  thrown  on  the  fore-legs,  causes  it  soon  to  founder, 
and  the  horse  is  always  unsafe,  and  liable  to  stumble.  We  see. 
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then,  clearly,  why  a horse’s  neck  does  not  admit  of  being  pro- 
longed so  as  to  enable  it  to  reach  the  ground;  it  was  there- 
fore necessary  that  the  jaws  should  be  so  elongated  as  to 
complete  the  rest  of  the  way.  But  this  was  not  done  with  a view 
to  giving  any  additional  extent  to  the  senses ; therefore  it  would 
not  be  fair  to  conclude  a horse  the  most  stupid  of  animals,  be- 
cause the  area  of  its  face  is  four  times  that  of  its  brain-cavity, 
though  we  may  well  affirm  that  man  is  the  most  intellectual  of 
animals,  because  his  brain-cavity  is  four  times  the  area  of  his 
face.  It  is  evident,  then,  that  even  Cuvier’s  principle  must  be 
adopted  with  restrictions ; it  has  also  this  inconvenience,  that  it 
is  only  applicable  to  an  animal  when  dead,  and  can  give  us  no 
information  while  it  lives. 

The  idea  long  prevailed  that  the  brain  of  man  was  actually 
larger  than  that  of  all  other  animals,  and  that  thence  arose  his 
intellectual  superiority.  In  the  greater  number  of  cases  this 
is  true,  and,  indeed,  we  know  of  no  exception  but  the  elephant, 
and  perhaps  some  of  the  larger  cetacea.  Thus,  the  largest  brain 
which  Soemmering  met  with  in  horses  weighed  but  i lb.  4 oz., 
while  the  smallest  human  brain  of  an  adult  was  elhs.  5I0Z., 
and  this  we  know  to  be  much  below  the  average.  Another 
method,  proposed  as  an  improvement  on  this,  was  to  consider 
the  brain  not  in  its  absolute  weight,  but  as  compared  with  the 
weight  of  the  entire  body.  This,  when  applied  to  the  ordinary 
•domestic  animals,  was  found  so  satisfactory,  that,  without  going 
further,  it  was  laid  down  as  a rule  that  man  had,  of  all  animals, 

• 'the  heaviest  brain  in  proportion  to  his  entire  body.  Subsequent 
> Investigations,  however,  have  shown  this  rule  to  be  more  falla- 
: «cious  than  the  old  one ; in  fact,  the  singular  changes  that  may 
; hake  place  in  a man’s  body  relatively  to  his  bulk  and  weight,  and 
( which,  consequently,  alter  the  proportions  existing  between  it 
j aand  the  brain,  while  the  actual  size  of  the  brain  remains  the 
asame,  should  have  indicated  the  absurdity  of  attempting  an  esti- 
mate in  this  way.  Thus,  say  a young  slender  man  weighs 
r,  I4°lbs.,  and  his  brain  4 lbs.,  the  proportion  will  then  be  :iMh. 

. 'This  is  about  the  proportion  that  exists  in  ourang-outangs ; in 
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the  coaita  monkey  it  is  2t>  in  the  mangabey  2^,  in  the  mole  , 

.in  the  mouse  2t>  &c.:  so  far,  then,  he  is  above  these  animals. ] 
But  suppose  this  young  man  becomes  extremely  fat,  and  rises  in 
weight  to  200 lbs.,  or  even  28olbs.,  which  we  not  uncommonly 
see,  the  numbers  representing  his  proportion  of  brain  would  then 
fall  to  Jyth  or  -J^th,  and  so  he  is  all  at  once  reduced  below  all 
those  animals,  which  a few  years  previously  he  had  ranked 
above,  yet,  all  the  time,  his  brain  has  not  altered,  for  no  fat  can 
collect  there.  Independently,  however,  of  this  objection,  a scale 
drawn  up  on  this  principle  presents  numerous  anomalies.  Several 
of  the  smaller  birds  would  rank  much  above  us : a chaffinch  with 
a brain  -gVth  of  its  entire  weight,  a sparrow  ykth,  a canary-bird 
yM:h,  exceed  us  in  a degree  for  which  then-  manners  and  habits 
in  no  way  account.  The  horse,  whose  brain  is  represented  by 
y-Jyth,  would  be  beneath  the  assyiyth,  and  the  ‘half-reason 
ing’  elephant  •g^-sth,  reduced  almost  to  the  lowest  ranks  of  the 
mammalia,  would  be  beneath  the  mole  -g^th,  the  rabbit  yd— th 
the  sheep  g-gyyth,  and  the  calf  yyyyth ! 

Were  any  further  reason  necessary  to  show  the  inetficacy  of 
this  rule,  it  would  be  found  in  the  fact  that  the  brain  at  birth, 
when  its  incapacity  is  notorious,  bears  a much  greater  proportion 
to  the  body  than  the  brain  of  an  adult,  when  in  the  full  exercise 
of  all  its  functions.  The  cause  of  this  preponderance  is  to  be 
sought  for  in  the  fact,  mentioned  by  those  who  have  studied  the 
growth  of  the  foetus,  that  the  upper  part  of  the  body  is  sooner; 
formed  and  earlier  developed  than  the  lower : and  the  final  cause 
of  this  seems  to  lie  in  the  greater  utility  of  those  parts  to  the 
preservation  of  the  animal ; thus,  it  is  obviously  useful  that  an 
infant  should  have  the  government,  in  a certain  measure,  of  its 
hands,  before  it  is  able  to  go  alone,  while  in  other  animals,  such| 
as  the  walking  birds,  the  order  is  reversed;  here  it  is  of  ad- 
vantage that  the  animal  should  run  before  it  flies;  accordingly, 
the  young  partridge  follows  the  mother  with  the  shell  still  ad- 
hering to  its  back.  There  still  remains  one  other  mode  of  esti- 
mating the  brain,  and  that  is,  not  absolutely,  or  in  proportion  to 
the  bulk  of  the  whole  body,  but  in  proportion  to  the  bulk  of  the 
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nerves  to  which  it  gives  origin.  This  mode  was  proposed  by 
Scemmering  in  1788,  and  is  founded  on  the  supposition  that  the 
whole  nervous  matter  of  the  body  can  be  divided  into  two  parts, 
the  one  sensorial,  or  employed  directly  about  the  operations 
of  the  senses,  and,  therefore,  connected  with  animal  life;  the 
other  mental,  or  reserved  for  the  service  of  the  thinking  and 
reflecting  principle.  To  the  former  of  these  divisions  belong  all 
the  nerves,  with  the  spinal  marrow,  and  as  much  of  the  base 
of  the  brain  as  seems  directly  connected  with  their  origins,  and, 
therefore,  necessary  to  the  proper  execution  of  their  functions ; to 
the  latter,  all  the  upper  remaining  part  of  the  brain,  for  which 
no  other  office  can  be  assigned  than  that  of  the  organ  of  the  in- 
tellect. His  assertion,  then,  founded  on  this  division,  is,  that  in 
man  the  mental  nervous  matter  bears  a greater  proportion  to  the 
sensorial  than  in  any  other  animal ; and  that  in  all  animals  the 
degree  of  perfection  of  their  instinct  will  be  in  direct  proportion 
with  the  preponderance  of  the  former  over  the  latter. 

Cuvier  undertook  to  refute  this  theory  in  his  Lecons  cVAna- 
iomie  Comparer,  but  in  doing  so,  he  only  took  into  account  the 
spinal  marrow,  and  omitted  noticing  the  nerves.  How  far  this 
may  alter  his  facts,  we  cannot  say ; but  it  is  clear  that  he  has  not 
taken  the  whole  standard  as  laid  down  by  Soemmering,  and  since 
confirmed  by  Ebell,  Munro,  Blumenbach,  and  Yicq  d’Azyr,  there- 
fore we  cannot  admit  his  argument  as  decisive.  As,  however, 
the  table  which  he  has  constructed  shows  the  general  accuracy  of 
Soemmering’s  principle,  there  being  but  one  apparent  exception, 
we  shall  give  its  substance. 

In  man,  the  breadth  of  the  brain  is  seven  times  as  great  as 
that  of  the  spinal  marrow,  just  where  it  is  leaving  the  skull : in 
the  Chinese  bonneted-monkey  four  times;  in  the  short-tailed 
magot  five  times;  in  the  dog  about  twice;  in  the  cat  nearly 
three  times;  in  the  hog  and  ram  about  once  and  a half;  in  the 
stag  and  calf  twice  and  a half;  in  the  ox  and  horso  nearly  three 
times;  and  in  the  dolphin  thirteen  times.  This  is  the  only  ex- 
ception stated,  and,  as  we  have  shown  above,  it  proves  nothing, 
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because  the  nerves  are  completely  left  out  of  account  ■*  wel  i 
might  add,  that  measuring  the  parts  only  in  one  direction J| 
breadth  is  incompetent  to  afford  satisfactory  information  as  to 
their  bulk.  We  are,  therefore,  inclined,  under  the  sanction  of  : 
such  great  names  as  we  have  quoted,  to  admit  Stammering's  . 
standard,  and  say  that  man  has,  of  all  animals,  the  largest  braim  : 
in  proportion  to  the  rest  of  the  nervous  system. 

But  we  have  no  means  of  estimating  this  before  death,  and. 
even  then  the  measurement  is  very  difficult,  which  may  be  one  of  r 
the  causes  why  exceptions  are  not  known. 

It  may,  perhaps,  be  interesting  to  state  that,  from  a series  of 
observations  on  nearly  500  human  brains  of  adult  men  and 
women,  we  learn  that  the  average  weight  of  the  brain  in  the* 
male  is  about  495  ounces,  or  rather  more  than  three  pounds : in 
the  female,  on  the  other  hand,  it  is  about  44  ounces,  that  is  - 
about  5 or  6 ounces  less  than  in  the  male.  It  also  appears  that 
in  general  the  weight  of  the  brain  increases  rapidly  up  to  the 
seventh  year,  then  more  slowly  to  between  sixteen  and  twenty,  and  - 
again  more  slowly  to  between  thirty-one  and  forty,  at  which  agel 
it  reaches  its  maximum.  Beyond  that  period,  there  appears  a 
slow  but  progressive  diminution  in  weight  of  about  one  ounce 
during  each  subsequent  decennial  period;  thus  confirming  the 
opinion,  that  the  brain  diminishes  in  advanced  life. 

The  next  question  which  presents  itself,  having  settled  hate 
man  should  be  considered  as  exceeding  in  brain  all  other  animals,  . 
is  whether  the  excess  of  intellectual  powers  of  one  man  over  those 
of  another  are  accompanied  by  a greater  portion  of  cerebral 
matter,  or,  in  other  words,  whether  the  wisest  man  has  the!  . 
largest  brain  ? And,  as  we  have  just  shown  that  absolute  size 
of  brain  will  not  make  an  elephant  wiser  than  a man,  we  might 
almost  conclude  a priori,  that  absolute  size  of  brain  will  not 
make  one  man  wiser  than  another.  However,  this  is  a point 

* In  fact,  this  alters  thojwholc  statement ; for,  in  the  ‘ Dissection  of  the  Brain 
of  a Dolphin’  by  Tiedcmann,  who  expressly  assorts  the  accuracy  of  Scommer-  ! 
ing’s  test,'  it  is  stated  that  ‘the  cerebrum  of  the  dolphin,  in  proportion  to  the 
sine  of  the  nerves,  spinal  marrow,  and  cerebellum,  is  of  much  smaller  size  than 
the  human  cerebrum.’ 
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which  we  should  rather  have  determined  by  observations  than  by 
argument,  did  we  know  of  any  sufficiently  numerous  and  trust- 
worthy to  he  admitted  as  proof.  Phrenologists  have  taken  a 
good  deal  of  pains  respecting  this  question,  yet  their  conclusions 
do  not  seem  very  decided,  It  appears,  according  to  Mr.  Combe, 
their  most  ingenious  defender,  that  size  of  brain  must  be  consi- 
dered under  certain  modifying  circumstances,  such  as  health, 
form,  activity,  and  temperament,  or  fineness  of  texture.  The  not 
attending  to  these  modifying  circumstances  will,  he  says,  account 
for  the  common  saying  about  large  heads  having  ‘ little  wit.’  If, 
however,  all  these  circumstances  are  the  same,  he  then  asserts 
that  the  larger  brain  will  denote  the  superior  intellect.  This  is 
a very  safe  assertion ; but  the  necessity  of  taking  into  account 
modifying  circumstances,  some  of  which  can  in  no  way  be  known 
until  the  individual  is  dead,  would  seem  at  once  to  put  an  end  to 
the  science  as  a means  of  estimating  faculties  and  feelings.  Mr. 
Combe,  indeed,  asserts  that  the  constitution  of  the  brain  may  be 
guessed  from  the  general  temperament  of  the  body : thus,  that  a 
person  of  lymphatic  temperament  will  have  ‘a  brain  slow, 
languid,  and  feeble  in  action,’  while  in  a person  of  nervous  tem- 
perament the  ‘ mental  manifestations  will  be  proportionally  viva- 
cious but,  in  the  first  place,  this  connexion  of  certain  disposi- 
tions with  the  general  habit  or  temperament  of  the  body  was  not 
left  for  phrenologists  to  observe,  and  in  the  second  place  it  has 
nothing  to  do  with  the  point  before  us,  which  is  not  the  mode  of 
action,  but  ‘the  fineness  of  texture  of  an  organ,’  which  is  men- 
tioned as  one  of  the  modifying  causes.  We  might  also  add  the 
extreme  difficulty  of  deciding  a man  to  be  of  this  or  that  tempera- 
ment, and  the  minute  shades  by  which  these  temperaments  run 
into  each  other,  so  as  to  render  their  appreciation  in  the  highest 
degree  uncertain,  and  conclusions  founded  upon  them,  of  course, 
extremely  liable  to  fallacy.  Furthermore,  it  is  well  known  that  the 
same  individual  may  at  different  periods  of  his  life,  be  of  dif- 
ferent temperaments.  In  fact  this  modification,  though  generally 
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admitted  as  necessary  to  the  theory  of  phrenology,  and  useful,  as 
occasionally  affording  a convenient  mode  of  escape  from  a mistake, 
is  seldom,  if  ever,  had  recourse  to  in  practice,  the  phrenologist 
undertaking  to  pronounce  on  character  from  a dead  skull  or  a 
plaster  cast,  without  making  the  least  inquiry  respecting  this 
‘modifying  circumstance.' 

Size,  then,  would  appear  to  be  the  standard  they  apply  to 
estimate  intellect,  for  though  they  reject  this  doctrine,  and  insist 
on  the  necessity  of  considering  other  circumstances,  we  have  just 
passed  in  review  one  of  these, .which  they  neither  appear  to  apply 
themselves,  nor  can  they  show  how  another  may  apply  it.  Yet, 
as  a general  proposition,  it  will,  we  apprehend,  be  admitted  as 
true,  that  persons  of  very  remarkable  talents  have  usually*  a 
full,  well-developed  brain,  though  it  by  no  means  follows  that 
people  with  large  heads  have  distinguished  talents.  L'r.  ililligan 
has  given  a table,  furnished  by  a hatter  in  extensive  business, 
whose  conclusions  were,  therefore,  founded  on  a sufficient  num- 
ber of  examinations,  and  were  also  unbiassed  by  theory,  from 
which  it  appears,  that  in  the  upper  and  educated  classes  of 
society,  the  head  is  generally  superior  in  size  to  that  of  the  lower 
orders.  The  same  fact  has  been  asserted  by  a gentleman  who 
carefully  examined  in  London  the  hats  made  at  the  west  end,  and 
also  those  made  by  manufacturers  who  chiefly  supplied  sailors, 
coal-heavers,  and  such  persons,  and  in  all  cases  the  average  size 
of  those  latter  hats  was  considerably  inferior  to  that  of  the  former. 
A want  of  attending  to  this  fact  is  also  stated  to  have  caused  a seri- 
ous disappointment  to  a Parisian  speculator,  who  sent  out  a number 
of  hats  to  the  colonies,  and  had  them  all  returned  as  too  large. 

Hastily  to  generalize  facts  of  this  nature,  admitting  ol  so 


* We  need  scarcely  say  that  the  observation  was  made  before  phrenology  was 
thought  of,  and  has  nothing  to  do  with  the  peculiar  doctrines  brought  forward 
under  that  name  : it  is,  at  the  same  time,  an  observation  to  which  many  excep- 
tions must  be  admitted.  The  heads  of  Byron,  Shelley,  and  Keats  were  all 
remarkably  small;  whether  the  deficiency  existed  in  the  intellectual  1 acuities 
occupying  the  front  of  the  head,  or  the  animal  propensities  at  its  back,  will , we 
think  puzzle  phrenologists  to  decide.  ‘Keats’s  head/ says  Mr.  Leigh  Hunt, 
‘wnsa  puzzle  to  the  phrenologists,  being  remarkably  small  in  the  skull,  a 
singularity  which  he  had,  in  common  with  Lord  Byron  and  Mr.  Shelley,  neither 
of  whose  hats  I could  ever  get  on.’—  Life  of  Byron , p.  2-K3. 
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many  exceptions,  into  scientific  principles,  and  assume  tliem  as 
universally  correct,  and  as  suitable  foundations  for  the  erection, 
of  a new  doctrine,  is  truly  absurd:  yet,  this  it  is  which  cra- 
niologists  have  done.  Gall,  say  they,  observed  certain  regions 
of  the  skull  unusually  prominent  in  persons  noted  for  the  pos- 
session of  some  faculty  or  propensity  in  a very  high  degree.  He 
•thence  inferred  a connexion  between  the  formation  and  the  mental 
manifestation;  thence  that  the  latter  would  always  have  its 
accompanying  protuberance  or  fulness;  next,  that  this  fulness 
was  caused  by  the  subjacent  part  of  the  brains  pushing  out  the 
skull ; thence,  that  the  brain,  as  it  might  sprout  out  at  twenty- 
four  different  places,  was  composed  of  twenty-four  different 
organs;  and,  finally,  that,  therefore,  from  a careful  measurement 
of  those  organs,  the  faculties  and  disposition  of  the  mind  might 
be  ascertained.  In  all  this,  it  is  evident,  there  was  never  a word 
about  temperament,  structure,  or  other  modifying  circumstances ; 
it  was  all  size — downright,  absolute  size.  Such  a doctrine  as 
this  we  could  at  least  understand;  however  improbable,  there 
was  nothing  in  it  actually  impossible,  and  it  seemed  a fair  subject 
for  actual  examination.  By  this  rule,  accordingly,  it  was  tried, 
and,  with  a measuring  compass  in  his  hands,  Mr.  Stone,  of 
Edinburgh,  quickly  showed  that,  were  there  any  truth  in  the 
doctrine,  as  delivered  above,  Voltaire  should  have  been  abetter 
murderer  than  Thurtell,  and  a greater  thief  than  Haggart,  that 
this  latter  should  have . had  more  wit  than  Sheridan,  besides 
possessing  great  histrionic  and  pictorial  power;  that  Clara  Fisher, 
at  eight  years  old,  had  all  the  elements  for  becoming  a female 
Raphael ; and  that  Thurtell,  with  veneration  large,  benevolence 
very  large,  and  adhesiveness  very  large,  must  have  been  a re- 
ligious, pious,  and  amiable  man,  totally  incapable  of  outraging 
the  laws  of  God,  or  murdering  one  whom  he  had  so  long  con- 
sidered and  called  his  friend  ! The  attempt  made  by  phrenologists 
to  reconcile  this  latter  development  with  the  actual  character  of 
the  man,  we  look  on  as  a more  complete  disclosure  of  the  utter 
absurdity  of  their  entire  system,  than  could  be  offered  by  their 
most  determined  opponents;  we  give  it  in  their  own  words  from 
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the  Phrenological  Journal,  vol.  i.,  p.  331,  begging  attention  to 
the  lines  in  italics. 

‘ The  murder  committed  bj  Thurtell  was  a predetermined, 
cold-blooded  deed;  nothing  can  justify  it.  Bevenge  against 
Weare,  for  having  gambled  too  successfully,  and,  as  he  ima- 
gined, unfairly  with  it,  prompted  it;  hut  there  is  every  pro- 
bability that  Thurtell  laid  the  unwarrantable  unction  to  his- 
soul,  that  he  would  do  a service  toothers  by  destroying  Weare. 
He  considered  Weare  as  a complete  rascal,  one  who  had  robbed 
many  as  well  as  himself,  and  one  who,  if  he  lived,  would  have 
robbed,  many  more  ! !’ 

A theory  which  can  thus  convert  benevolence  into  the  active 
cause  of  murder,  needs  no  further  examination  on  these  grounds: 

4 by  its  fruits  ye  shall  know  it.’ 

Let  us,  however,  consider  what  are  termed  the  anatomical 
proofs  of  the  theory,  for  which,  as  being  matters  of  which  they 
are  entirely  ignorant,  the  great  mass  of  phrenologists  profess  the 
highest  respect  and  veneration. 

A favourite  object  of  speculation  with  the  older  anatomists 
and  physiologists,  was,  what  they  termed  the  sensorium  com- 
mune, the  common  point  of  the  brain,  to  which  they  supposed 
all  impressions  brought  by  nerves  before  perception  was  pro- 
duced, and  from  which,  the3r  argued,  all  volition  must  emanate; 
hr  short,  their  sensorium  commune  was  neither  more  nor  less 
than  the  seat  of  the  soul.  In  this  search  abundant  absurdities 
were  perpetrated,  and  ridiculous  assertions  ventured.  The  parts 
of  the  brain,  termed  the  pineal  gland,  the  corpus  callosum,  the 
pons  Yarolii,  the  corpora  striata,  besides  the  medulla  oblon- 
gata, and  the  water  in  the  ventricles,  or  fine  exhalation  with 
which  they  are  bedewed,  were,  in  turns,  assigned  this  honour- 
able office.  To  us  it  appears  that  a cause  of  error  existed  in  the 
nature  of  the  search,  as  its  object  was  to  invest  an  immaterial 
principle  with  one  of  the  attributes  of  material  bodies, — locality. 
The  attempt  made  to  trace  the  nerves  of  the  senses  to  a common 
origin,  though  more  rational,  has  been  equally  unsuccessful.  On 
the  contrarv,  the  accurate  dissections  of  Spurzheim  have  rendered 
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it  highly  probable  that  there  is  no  such  part  of  the  brain  exist- 
ing, but  that  fibres  originally  diverging  from  the  top  of  the 
spinal  marrow,  and  reinforced  at  different  parts  by  collections  of 
gray  matter,  form  the  genoral  structure  of  the  hemispheres, 
while  other  fibres  arising  in  those,  and  crossing  from  one  side  to 
the  other,  tend  to  combine  the  actions  of  the  brain,  as  though  the 
object  were  that  it  should  act  as  one  whole.  And,  be  it  observed, 
he  has  never  shown,  nor,  as  far  as  we  are  aware,  attempted  to 
show,  that  these  fibres  of  connexion  run  between  similar  organs 
on  opposite  sides,  (for  all  organs  are  maintained  by  phrenologists 
to  be  double,  one  on  the  right,  the  other  on  the  left,  side  of  the 
brain,)  but  merely  between  these  two  great  divisions  of  the  organ. 
Therefore,  as  far  as  their  own  anatomy  bears  on  this  point,  it 
would  rather  indicate  a unity  of  action  between  the  two  hemi- 
spheres, than  between  any  particular  portions  of  those  hemi- 
spheres; i.e.,  it  would  rather  evince  the  brain  to  be  a single 
organ,  than  made  up  of  many  organs.  But,  in  fact,  as  far  as 
anatomy  can  decide  the  question,  it  is  altogether  against  the 
phrenological  theory.  The  convolutions  of  the  cerebrum,  with 
which  the  mental  faculties  are  supposed  to  be  more  especially 
connected,  do  not  present  to  the  eye,  or  to  the  knife  of  the  dis- 
sector, a number  of  distinct  organs,  uniform  in  situation,  and 
capable  of  having  their  size  and  shape  appreciated  or  measured ; 
we  can  show  them  to  be  absolutely  continuous,  presenting  no 
appreciable  line  of  separation,  irregular  in  their  situation,  size, 
and  form,  in  different  heads,  and  on  the  different  sides  of  the 
same  head;  in  short,  presenting  no  more  approach  to  uniformity, 
than  the  windings  of  the  small  intestine.  To  put  this  matter 
beyond  doubt,  we  present  our  readers  with  a representation  of  a 
brain,  from  which  the  skull  and  membranous  coverings  have 
been  removed,  copied  from  one  of  Spurzheim’s  own  plates,  in 
which,  therefore,  we  may  suppose  that  he  has  gone  as  far  in 
selecting  and  depicting  an  instance  of  uniformity,  as  could  be 
done  at  all  consistently  with  nature;  and  in  this  plate  we  beg 
our  readers  to  compare  for  themselves  the  convolutions  of  one 
side  with  those  of  the  other. 
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We  also  request  them  to  take  a pencil,  and  endeavour  to 
point  out,  or  ask  any  of  their  phrenological  friends  to  point  out 
to  them,  where  any  of  those  organs,  which  we  have  marked 


after  Spurzheim,  terminates,  and  where  the  next  to  it  begins ; 
or  suppose  one  of  the  organs,  as  phrenologists  say,  becomes 
‘ much  developed,’  so  as  to  encroach  on  a neighbouring  organ, 
say  that  No.  xm.,  Benevolence,  has  encroached  on  No.  xiv.. 
Veneration;  how  are  wo  to  know  that  it  is  not  No.  xiv.  which 
has  enlarged,  and  encroached  on  No.  xm.?  In  short,  how  are 
we  to  decide  an  inch  of  convolution  at  the  place  where  two 
organs  unite,  to  belong  to  one  of  them,  rather  than  the  other? 
And  if  this  he  impossible,  as  we  unhesitatingly  assert,  and  as 
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no  phrenologist  has  vet  attempted  to  demonstrate*  the  reverse, 
are  we  not  justified  in  considering  it  truly  absurd  to  talk  of  the 
size  of  an  organ,  when,  for  all  the  phrenologist  knows,  he  may 
actually  be  measuring  in  half  the  adjoining  organ  P But  this 
refers  only  to  the  measurement  of  an  organ  on  the  srrrface,  or 
where  its  base  is  supposed  to  bulge  out  in  one  of  the  convolu- 
tions : there  is  another  of  its  dimensions  which  also  requires  to 
be  considered,  for  the  organ  being  a cone,  extending  from  the 
top  of  the  spinal  marrow,  it  becomes  necessary  to  ascertain  its 
long  diameter,  and  for  this  purpose  we  are  directed  to  measure 
from  the  opening  of  the  external  ear  to  the  prominence  beneath 
which  the  organ  is  situated.  Now,  this  may  do  indifferently 
well  to  measure  an  organ,  which  terminates  completely  in  front, 
or  completely  on  the  hinder  part  of  the  head,  though  anatomy 
again  interferes,  and  teaches  us  that  the  orifice  of  the  external  ear  is 
by  no  means  an  exact  indication  of  the  situation  at  the  top  of  the 
spinal  marrow,  from  which  these  cones  are  supposed  to  set  out. 

To  ascertain  this  matter,  we  have  taken  a large  number  of 
skulls,  as  any  one  can  do  by  going  to  the  Hunterian  Museum 
at  the  Royal  College  of  Surgeons,  and  stretching  a string  be- 
tween the  centre  of  the  openings  of  the  external  ears,  found  that 
it  most  frequently  passed  just  over  the  anterior  condyles, 
answering  to  the  front  of  the  spinal  marrow  as  it  enters  the 
brain ; in  other  cases  the  string  cut  the  hole  at  about  a third 
from  its  anterior  edge,  while  in  others  it  passed  altogether  in 
front  of  the  hole,  sometimes  to  the  third  of  an  inch,  and  this, 
we  may  remark  by  the  way,  was  exactly  the  case  in  the  head 
of  the  pongo.  In  all  those  heads,  therefore,  supposing,  which 
is  almost  the  first  phrenological  proposition,  that  the  difference 
between  the  intellectual  faculties  and  the  animal  propensities 
was  to  be  estimated  by  the  length  of  line  from  the  opening  of 
the  external  ear  to  the  projection  of  the  front  of  the  forehead 
in  the  one  instance,  and  to  that  at  the  back  of  the  head  in  the 


* We  use  the  term  anatomically : we  are  aware  that  Spurzhcim  addressed  a 
paper  on  the  subject  to  the  Royal  Society,  which  appeared  too  contemptible  to 
merit  a place  in  their  Transactions . 
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other,  it  is  clear  that  we  should  add  to  the  latter  sometimes 
two-thirds,  sometimes  the  whole,  and  sometimes  even  more 
than  the  whole  breadth  of  the  spinal  marrow  at  its  top;  and  yet, 
this  is  a difference  of  which  phrenologists  take  no  notice,  and 
which  does  not  even  enter  into  their  calculations.  But  the 
sources  of  difficulty  increase  when  we  come  to  measure  the 
length  of  a lateral  organ,  such,  for  instance,  as  Secretiveness, 
No.  vix.,  or  Acquisitiveness,  No.  vm.,  in  which  a moment’s 
consideration  will  show  any  one  that  the  line  included  between, 
the  leg  of  his  callipers  placed  in  the  external  ear,  and  the  other 
leg  placed  over  the  organ  in  question,  can  never  give  the  linear 
diameter  of  that  organ;  in  other  words,  the  length  from  the  top 
of  the  medulla  oblongata  to  the  surface  of  the  organ ; and  if  we 
attempt  to  gain  our  ends  by  measuring  from  the  organ  on  one 
side  to  the  organ  on  the  other,  the  approximation  must  be 
equally  rude,  as  it  could  only  be  in  the  case  of  the  included 
line,  and  the  two  organs  occupying  exactly  the  same  plane  and 
direction,  that  its  bisection  could  give  their  linear  measurement, 
and  we  beg  to  know  which  of  the  organs  at  all  approximates  to 
this  coincidence  ? In  fact,  the  great  error  of  phrenologists  has 
been,  the  attempt  to  reduce  to  the  scientific  accuracy  of  mea- 
surement and  division,  certain  propositions  which  were  matter  of 
popular,  we  had  almost  said  of  instinctive,  belief : and  the  more 
they  have  attempted  to  depart  from  the  original  vagueness  and 
generality  of  this  belief,  the  deeper  have  they  run  into  error, 
and  the  more  fully  have  they  manifested  the  folly  of  their  pre- 
tensions. All  people  believe,  in  a general  way,  that  a well- 
shaped and  full-sized  brain  is  the  organ  of  a more  active  and 
powerful  intellect,  and  that  this  cannot  be  present  when  the 
organ  is  defective  or  misshapen ; but  when  theorists  attempt  to 
break  up  the  mind  into  a number  of  supposed  original  faculties, 
such  as  no  metaphysician  will,  for  a moment  admit,  and  the 
brain  into  an  equal  number  of  organs,  which  the  anatomist  in 
vain  asks  to  be  shown,  and  then  proceeds  to  attach  one  of  the 
former  (unadmitted  suppositions)  as  a mode  of  action  to  one  of 
the  latter  (undemonstrated  existences),  and,  further,  to  explain 
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how  each  of  these  organs  may  modify,  or  be  modified  by  the 
action  of  any,  or  all  the  rest,  they  get  enveloped  in  such  a 
labyrinth  of  baseless  speculation  and  visionary  fancies,  that  they 
are  utterly  bewildered  by  the  complexity  of  their  own  imagina- 
tions, and  are  left  to  seek,  amidst  a balance  of  errors,  the  possi- 
bility of  an  approximation  to  the  vague  general  principle  from 
which  they  had  originally  started.  This  is,  in  truth,  all  that 
craniology  can  do,  and  to  this  it  is  fast  returning.  The  unan- 
swerable fact  that,  for  all  they  can  tell  during  life,  one-third  of 
the  most  important  organs*  may  be  situated  within  a frontal 
sinus,  of  which  the  external  wall  may  be  removed  from  the 
internal  by  a variable  distance,  and  not  bear  to  its  surface  the 
slightest  parallelism  or  resemblance,  shows  the  complete  untena- 
bleness of  their  fundamental  proposition,  that  the  shape  and 
size  of  the  brain  is  faithfully  represented,  and  can  be  seen  and 
measured  upon  the  external  plate  of  the  skull.  Every  anato- 
mist also  knows,  that  protuberances  on  the  different  bones  of 
the  skull,  at  the  points  where  ossification  commenced,  result 
from  thickness  of  bone,  not  from  increase  of  brain ; and  they 
also  know  how  much  greater  may  be  this  thickness  in  some 
heads  than  others.  The  impossibility,  indicated  by  these  facts, 
of  obtaining  anything  like  accurate  ideas  respecting  the  minute 
portions  of  brain  to  which  craniologists  confine  certain  faculties, 
scarce  requires  being  insisted  on. 

We  think  we  have  now  shown  that  there  is  no  evidence  from 
anatomy  of  the  brain  being  divided  into  many  distinct  organs, 
and  that  there  is  direct  evidence,  that  did  these  organs  really 
exist,  still  the  methods  proposed  for  ascertaining  their  size  are 
altogether  inadequate. 

The  only  reply  attempted  by  phrenologists  is,  that  wo  have 
made  the  mistake  of  arguing  respecting  absolute  size,  while 


Perhaps,  also,  we  should  add  that  about  oue-tlurd  of  the  convolutions  of  the 
brain  are  situated  on  its  base,  and  to  these  no  faculty  at  all  is  attributed,  the 
whole  mind  being  mapped  out,  and  apportioned  to  the  superior  and  lateral  eon- 
volutions.  Will  craniologists  have  the  kindness  to  tell  us  why  one  convolution 
should  be  an  organ  and  another  not  ? In  truth,  the  great  dillieult y to  ho  over- 
come  in  refuting  their  doctrine,  is  to  find  out  what  they  consider  its  point  of 
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they  speak  of  relative  size ; and  that  we  talk  of  comparing 
organs  in  different  heads,  while  they  compare  the  organs  of  the 
same  head.  But  this  is  a simple  evasion.  Let  us  admit  for  the 
present  (says  an  acute  American  writer  on  this  subject)  that 
there  are  no  such  difficulties  in  the  way  as  the  difference  between 
the  outer  and  inner  surfaces  of  the  skull,  a fact  of  which  any 
one  may  satisfy  himself  by  passing  a piece  of  the  bone  between 
his  thumb  and  finger.  Let  us  leave  these  out  of  the  case, 
and,  in  the  very  teeth  of  our  senses  of  sight  and  touch,  let  us 
suppose  that  skulls  are,  as  to  their  outer  and  inner  surfaces,  J| 
equal  and  parallel.  Let  us  enter  with  an  humble  teachableness 
the  schools  of  phrenology.  We  are  first  pointed  to  a head,  in 
which  a particular  organ  is  large.  Large  and  small  being 
relative  terms,  we  naturally  set  about  examining  different  heads, 
to  settle  an  average  or  standard.  This  method  of  proceeding, 
however,  is  cut  short  by  the  remark,  that  the  size  of  organs  is 
not  to  he  estimated  by  the  organs  of  other  heads,  but  by  those 
of  the  same  head.  The  destructiveness  is  large,  in  comparison 
to  the  benevolence,  which  is  small.  This  attempt  to  escape 
from  the  difficulties  of  an  average  standard,  we  take  to  be 
utterly  futile:  there  is  no  escape  at  all.  Organs,  of  course, 
compared  with  each  other,  are  necessarily  large  or  small.  Thus, 
if  we  judge  from  the  plaster  busts,  the  organ  of  destructiveness 
in  any  man’s  head  is  always  larger  than  the  organ  of  music: 
hut  the  question  in  any  particular  case,  is  not  whether  the 
organ  of  destructiveness  is  absolutely  large,  compared  with  the 
organ  of  benevolence,  hut  how  the  excess  of  the  former  above 
a certain  average,  or  normal  standard,  compares  with  the  excess 
or  deficiency  of  the  latter  in  regard  to  the  same  standard. 
Thus,  we  arc  continually  driven  back  to  the  necessity  of  a 
standard : and  for  a standard  we  in  vain  call  on  the  craniolo- 
gists : they  seem  too  well  aware  how  fatal  it  would  prove  to 
their  pretensions. 

There  is  one  organ  in  the  brain  which  certainly  is  distinct, 
and  may  be  pointed  out  by  the  anatomist  as  sufficiently  and 
fairly  separable  from  the  rest  of  the  mass:  this  is  the  corbel- 
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him.  Xow,  to  this,  craniologists  attribute  a peculiar  propensity 
or  feeling,  common  to  us  with  the  lower  animals,  and,  as  we 
here  admit  the  existence  of  the  organ,  it  becomes  a simple 
question  of  experience,  how  far  it  is  found  to  be  proportioned 
in  developement  to  the  propensity  which  has  been  assigned  to 
it.  The  arguments  generally  adduced  in  its  favour  are  from 
comparative  and  human  physiology:  we  shall  select  an  in- 
stance of  both.  The  frog  is,  of  all  reptiles,  perhaps  that  one 
which  exhibits  most  unequivocally  the  feeling  in  question : in 
the  frog  the  cerebellum  is  so  extremely  small,  that  its  very 
existence  was,  until  lately,  a matter  of  dispute.  In  Ferussac’s 
Bulletin  for  October,  1831,  under  the  head  Sciences  Medicales, 
may  be  found  the  details  of  a case,  in  which  this  part  of  the 
brain  did  nut  exist  at  all,  while  the  propensity  was  rather  re- 
markably developed.  We  recommend  both  these  facts  to  the 
attention  of  craniologists,  and  request  they  will  oblige  us  with 
any  explanation  of  them  that  their  ingenuity  may  suggest : 
until  we  receive  that,  we  fear  we  must  consider  them  fatal  to  the 
organ  No.  I.,  the  only  organ  which  they  can  show  to  exist ! 

We  have  thus  mentioned  a few  of  the  anatomical  objections 
which  occur  to  this  theory : its  present  importance  would  not 
warrant  us  in  pushing  the  subject  further,  than  briefly  to  notice 
a few  other  objections  to  which  it  is  liable.  Pathology  fur- 
nishes an  important  one  of  these.  A slight  injury  to  the  brain 
wiil  often  cause  total  alienation  of  the  mind,  not  an  affec- 
tion of  that  particular  faculty  or  propensity,  of  which  the 
injured  part  was  supposed  to  be  the  organ.  On  the  other 
hand  most  extensive  injuries  may  take  place,  and  even  a great 
part  of  the  substance  of  the  brain  be  removed,  without  any 
apparent  diminution  of  mental  power,  or  loss  of  any  particular 
faculty. 

Pathology  supplies  another  objection  to  Gall’s  theories  in  the 
well-known  fact,  that  in  mental  derangement,  the  faculties  most 
frequently  impaired,  arc  memory,  volition,  judgment,  and  atten- 
tion ; but  these  in  Gall’s  sj'stem  are  no  faculties  at  all,  have  no 
organ,  but  are  represented  as  affections  of  all  faculties. 
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It  is  also  clear,  that  iii  cases  of  monomania,  the  affection  of 
the  brain  should  always  exist  in,  and  be  accurately  confined  to, 
the  organ  of  the  peculiarly  disordered  faculty.  That  this  is  the 
case,  we  scarcely  know  any  one  who  will  venture  to  assert.  As 
one  instance  of  the  contrary,  we  shall  cite  a case  given  by  Dr. 
Ilaslam,  of  a young  woman  aged  twenty,  whose  madness  was 
occasioned  by  religious  enthusiasm  and  a too-frequent  attendance 
on  conventicles.  When  admitted,  she  was  in  a very  wretched 
and  unhappy  condition,  and  terrified  with  the  most  alarming 
apprehensions  for  the  salvation  of  her  soul.  She  sang,  wept,  and 
prayed  alternately ; and,  after  continuing  some  time  in  this  for- 
lorn and  pitiable  state,  she  died.  Of  course,  craniologists  would 
here  lay  it  down,  that  there  was  considerable  disease  of  the 
organ  of  veneration,  and  that  little  derangement  would  be  found 
elsewhere.  An  examination  took  place,  and  the  result  was,  that 
the  pia  mater,  or  membrane  investing  the  different  convolutions 
of  the  brain,  was  found  inflamed,  and  an  extravasated  blotch 
about  the  size  of  a shilling  was  seen  upon  the  membrane  in  the 
middle  of  the  lateral  part  of  the  right  lobe  of  the  cerebrum. 
There  was  no  effusion  between  the  membranes  or  into  the  ven- 
tricles, but  a general  determination  of  blood  to  the  contents  oi  the 
cranium. 

These  facts  appear  to  require  no  comment. 

Phrenologists,  however,  when  driven  from  all  tenable  ground 
of  argument,  usually  as  a last  resource,  exclaim,  ‘ But  our  science 
is  founded  in  nature  and  truth ; experience  attests  its  universal 
applicability ; to  that  we  appeal  as  full  aud  sufficient  confirma- 
tion, and  on  that  we  rest  our  whole  cause.  If  they  did  so 
honestly,  they  would  long  since  have  resigned  their  whole  cause. 
In  1S29,  Mr.  Stone  read  before  the  Medical  Society  of  Edinburgh, 
of  which  he  was  the  President,  his  * Observations  on  the  Phre- 
nological devclopement  of  Burke,  Hare,  and  other  atrocious 
murderers ; measurements  of  the  heads  of  the  most  notorious 
thieves  confined  in  the  Edinburgh  jail  and  Bridewell,  and  of 
various  individuals,  English,  Scotch,  and  Irish,  presenting  an 
extensive  series  of  facts  subversive  of  Phrenology.’  His  measure- 
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ments,  that  there  should  be  no  question  of  their  accuracy,  were 
made  always  in  the  presence  of  other  persons,  frequently  ot 
craniologists,  who  all  admitted  then-  perfect  fairness.  He  took, 
for  the  purpose  of  an  average,  fifty  skulls,  chiefly  British,  be- 
longing to  Sir  William  Hamilton’s  collection,  and  fifty  skulls 
collected  by  Dr.  Spurzheim,  and  deposited  by  him  in  the  Edin- 
burgh Museum.  He  not  only  took  the  length,  breadth,  and 
height  of  each,  according  to  the  mode  directed  by  craniologists, 
but  ascertained  the  weight  of  brain  they  had  contained,  and  the 
absolute  and  relative  size  of  the  organs,  and  from  all  these  data 
carefully  and  impartially  collected,  he  demonstrated,  that  in 
fifteen  murderers  selected  chiefly  for  their  notorious  blood-thirsti- 
ness and  depravity,  every  one  of  them  had  the  organ  of  de- 
structiveness absolutely  less  than  the  average  of  ordinary  heads ; 
and  that  thirteen  of  them  had  it,  also,  relatively  less  when  com- 
pared with  the  whole  contents  of  the  skull.  He  further  showed, 
that  twelve  of  these  men  had  the  organ  of  benevolence  more 
largely  developed  than  the  average,  that  their  conscientiousness 
was  also  full,  and  that  the  skulls  generally  exhibited  no  re- 
markable deficiency  of  brain  before  the  ear,  or  preponderance  of 
development  in  the  region  to  which  the  animal  propensities  are 
referred.  To  render  this  investigation  still  more  complete,  he 
took  the  measurements  of  the  head  of  Dr.  David  Gregory,  who 
had  been  Professor  of  Mathematics  in  the  University  of  Edin- 
burgh, and  subsequently  appointed  Savilian  Professor  of  Astro- 
nomy in  Oxford.  He  was  the  distinguished  friend  and  com- 
panion of  Sir  Isaac  Newton.  Ho  was  the  learned  author  of 
several  valuable  works  on  mathematical  science;  and  a man  of 
high  moral  and  intellectual  virtue.  The  skull  was  well  authenti- 
cated by  the  gentlemen  who  took  it  from  the  place  of  interment, 
and  presented  it  to  the  person  in  whose  museum  Mr.  Stone  had 
an  opportunity  of  examining  it.  The  result  of  this  examination 
was,  that  the  organ  of  destructiveness  in  the  learned  Professor 
was,  in  its  absolute  size,  larger  than  the  same  organ  in  every 
'murderer  included  in  the  induction  ; and  even  in  proportion  to 
"the  general  size  of  the  brain,  larger  than  the  same  in  Burke, 
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Haggart,  Anderson,  Glen,  Balfour,  Pepe,  Mortimer  Collins, 
Clydesdale,  and  Divan. 

The  organ  of  combativeness  in  the  Professor  was  also  larger 
than  the  same  organ  in  every  one  of  the  murderers. 

His  organ  of  acquisitiveness  was  the  same  as  Balfour’s,  and 
larger  than  the  same  organ  in  all  the  rest,  including  even 
Gordon,  M'Keon,  and  Haggart,  who  were  noted  thieves. 

His  organ  of  secretiveness  was  also  larger  than  in  each  of  the 
murderers. 

As  to  the  organ  of  benevolence,  Burke  had  it  in  absolute 
size  the  same  as  the  Professor.  Four  other  murderers  nearly 
the  same ; and  seven  others,  all  atrocious  miscreants,  had  it 
actually  larger.  Even  in  proportion  to  the  entire  size  of  the 
brain,  eleven  out  of  these  twelve  had  the  organ  of  benevolence  I 
larger  than  the  learned  and  virtuous  Professor. 

The  organ  of  conscientiousness  was  nest  examined,  when  it  lit 
appeared  that  Clydesdale  and  Kerr  had  this  organ  in  its  ab-1 
solute  size  larger  ; and,  in  proportion  to  the  entire  brain,  Burke,  | : 
Anderson,  Gordon,  Lingard,  Pepe,  Mortimer  Collins,  Clydesdale,  I 
and  M‘Keon  had  each  this  organ  of  greater  size  than  the  Pro- || 
fessor. 

He  then  proceeded  to  the  intellectual  organs,  and  measuring  I 
the  organ  of  comparison  on  the  heads  of  the  murderers,  found 
that  four  of  them  had  it  the  same,  three  nearly  the  same,  and 
three  larger  than  the  Professor. 

Causality  was  next  tested,  and  as  this  is  the  organ  to  which 
is  attributed  the  power  of  tracing  the  relations  of  cause  and 
effect,  and  of  reasoning  closely,  we  beg  attention  to  the  results, 
which  we  state  in  full.  On  the  skull  of  Dr.  David  Gregory,  the 
measurement  of  this  organ,  taken  from  the  opening  of  the  ear  to 
the  organ  on  the  opposite  side,  was  5.1  inches.  By  taking  the 
measurement  in  this  way,  an  accurate  report  is  also  given  of  the 
general  anterior  cerebral  development. 

The  organ  measured  in  the  same  manner  on  the  skulls  of  the 
murderers  was : — 
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In  Haggart 


5.25  inches,  which  is  larger  than  the  Professor’s. 


Scott  .... 

5.2  . . 

which  is  a]so  larger. 

Anderson  . . . 

5.3  . . 

which  is  also  larger . 

Glen  .... 

5.35  . . 

which  is  also  larger. 

Balfour  . . . 

5.4 

which  is  also  larger. 

Macmillan  . . 

5.2  . . 

which  is  also  larger. 

Mortimer  Collins 

5.5  . . 

which  is  also  larger. 

Clydesdale  . . 

5.3  . . 

which  is  also  larger. 

M‘Keon  . . . 

5.4  . . 

which  is  also  larger. 

Buchanan  . . 

5.3  . . 

which  is  also  larger. 

Kerr  .... 

5.7  . . 

which  is  also  larger!! ! 

a greater 


Hence  all  these  criminals  appear  to  have  had 
quantity  of  brain  before  the  ear,  that  is,  a finer  intellectual  de- 
velopment, than  Dr.  David  Gregory,  Savilian  Professor  of  As- 
tronomy to  the  University  of  Oxford. 

Hut  one  thing  remained:  the  animal  propensities  are,  we 
are  told,  situated  in  the  posterior  region  of  the  brain,  so  that 
they  are  to  be  measured  by  the  quantity  of  it  contained  in  the 
space  behind  the  ears,  and  this  is  to  be  measured  from  the 
opening  of  the  ear  to  the  spine  of  the  occiput.  Examined  in  this 
way,  the  cranium  of  Dr.  Gregory  gave  4.5  inches. 


Of  Ilaggart  . 

4.05  inches,  which  is  less  than  the  Profe 

Scott  . . 

4.05  . . 

which  is  less. 

Glen  . . 

4.3  . . 

which  is  less. 

Anderson  . 

4.05  . . 

wliich  is  less. 

Pepe  . . 

3.(i  . . 

which  is  much  less. 

Balfour 

3.7  . . 

which  is  much  less. 

Gordon 

3.5  . . 

wliich  is  very  much  less. 

Lingard  . 

3.75  . . 

which  is  much  less. 

Macmillan 

3.8  . . 

which  is  less. 

Mortimer  Collins 

3.8  . . 

which  is  less . 

Clydesdale 

3.7  . . 

which  is  much  less. 

M'Keon  . 

3.7  . . 

which  is  much  less. 

Kerr  . . 

4.  . . 

which  is  less. 

Divan  . . 

3.9  . . 

which  is  less. 

Buchanan 

3.5  . . 

wliich  is  very  much  less! !! 

So  that  this  grave,  learned,  and  virtuous  professor  had  less 
intellectual  power  and  more  animal  propensity  than  the  whole 
^string  of  brutal,  debauched,  abandoned,  and  atrocious  murderers 
;giv  en  above ! 

We  hope  our  readers  will  consider  this  a sufficient  reply  to 
ihe  constantly  proposed  appeal  tj  experience  : phrenologists 
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themselves  say,  ‘ Assail  our  facts,  and  we  are  undone ; Phre- 
nology admits  of  no  exceptions 

We  have  thus  attempted  to  prove  three  propositions ; first,  that 
the  brain  is  not  the  mind ; second,  that  it  is  the  organ  of  the 
mind;  and  tlm-d,  that  it  is  not  divisible  into  twenty-four  or 
thirty-five  distinct  organs,  each  exercising  a peculiar  and  ap- 
propriate mental  faculty  or  function,  as  is  supposed  by  crani- 
ologists.  Certain  parts,  however,  exist  in  it,  and  can  be  seen 
sufficiently  distinct  from  others ; and  experimental  attempts  have 
been  made  to  assign  to  them  their  proper  offices,  if  such  they 
should  be  found  to  possess  apart  from  the  rest  of  the  mass.  To 
such  attempts  it  has  beeu  objected,  that  the  general  disturbance 
which  must  arise  in  the  entire  system,  when  so  delicate  a part  is 
wounded  or  cut  away,  together  with  the  painful  and  unnatural  II 
situation  in  which  the  animal  is  thereby  placed,  must  render  all  II 
observations  respecting  its  faculties  and  actions  in  such  circum-lr 
stances  extremely  liable  to  error  and  confusion.  Thus,  a bird 
operated  on  in  this  manner  will  no  longer  sing,  though  the 
organs  of  voice  are  perfect,  and  have  not  been  in  any  way  in- 
terfered with : but  the  conclusion  which  might  be  drawn,  that 
the  bird  had  ceased  to  sing  because  certain  parts  of  the  brain 
had  been  interfered  with ; and,  therefore,  that  the  organ  of 
singing  was  situated  in  the  brain,  would  evidently  be  erroneous. 

In  the  same  way,  if  certain  mental  faculties  appear  lost  after 
the  removal  of  certain  parts  of  the  brain,  we  can  by  no  means 
safely  conclude  that  these  faculties  were  exercised  by  these  parts! 
as  their  organs ; inasmuch  as  the  loss  may  have  been  merely 
consequent  on  the  general  disturbance  produced  by  the  injury. 
Prom  this  objection  experiments  may  be  to  a certain  extent  freed. I 
by  keeping  the  animal  until  it  recovers,  and  then  observing  ( if 
the  injuries  be  of  such  a nature  as  to  allow  of  its  perfect  restora 
tion  to  health  ) whether  any  of  its  faculties  have  been  permanently! 
lost ; in  which  case  we  might,  if  the  results  were  invariable, 
fairly  connect  the  faculties  with  the  parts  removed.  Another 
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objection,  however,  and  one  which  is  particularly  applicable  to 
the  experiments  of  Haller  and  a host  of  experiment-makers  in 
his  time,  and  that  immediately  succeeding,  is  that  the  parts  of 
the  brain  are  held  together  by  such  a continuity  of  structure, 
and  present  such  numerous  communications,  that  the  difficulty 
becomes  very  great,  of  saying  exactly  to  which  of  them  you 
have  limited  the  injury  inflicted,  and  consequently,  to  which  of 
them  should  be  referred  the  phenomena  produced.  The  im- 
provements gradually  making  in  our  acquaintance  with  the 
minute  anatomy  of  the  brain,  evidently  present  the  only  mode  of 
avoiding  this  objection,  and  we  think  every  possible  advantage  of 
these  has  been  taken  by  M.  Floiu’ens  in  conducting  his  ad- 
mirable experiments ; of  which,  as  conceiving  them  the  most 
trustworthy  we  have  on  the  subject,  we  shall  give  a brief  notice 
It  is  but  fair,  however,  that  we  should  first  give  honour  to  him 
to  whom  honour  is  due:  our  own  countryman,  Sir  Charles  Bell, 
by  his  demonstration  of  the  perfect  distinctness  in  function 
between  the  two  great  classes  of  nerves,  the  one  destined  for 
sensation,  the  other  for  motion,  pointed  out  the  way  to  almost 
all  the  discoveries  which  have  since  been  made  in  that  field ; and 
we  regret  to  say,  that  our  French  neighbours,  with  more  in- 
genuity than  honour,  while  availing  themselves  of  his  facts,  have 
neglected  to  acknowledge  the  obligation.  His  claims,  however, 
are  now  so  generally  acknowledged,  that  it  is  unnecessary  we 
should  say  anything  on  that  head. 

JI.  Flourens  applied  himself  to  the  resolution  of  the  question 
— What  office  has  the  brain  ? As  he  found  it  impossible  to  see 
the  organs  of  which  phrenologists  speak,  he  determined  that  his 
experiments  should  rather  he  directed  to  those  parts  which  he 
could  see:  observing,  therefore,  the  obvious  separation,  which 
we  have  already  mentioned,  between  the  cerebrum  or  brain 
proper  and  the  cerebellum;  observing,  also,  certain  rounded 
little  tubercular  masses  (usually  named  tubercula  quadrigemina) 
situated  just  at  the  point  where  his  irritations  had  ceased  to 
produce  contractions,  and  which,  from  their  connexion  with  tho 
Toot  of  the  optic  nerves,  and  position  at  the  junction  of  the  brain 
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and  spinal  marrow,  appeared  to  be  of  importance ; be  resolved 
to  attempt  ascertaining  the  functions  or  offices  of  these  three 
parts,  the  cerebrum,  cerebellum,  and  tubercula  guadrigemina , 
and  for  this  purpose  made  the  following  experiments. 

He  removed,  by  successive  small  slices,  the  cerebellum  of  a 
pigeon ; and  as  he  proceeded,  the  bird  lost,  first,  the  power  of 
Hying,  next  of  walking,  next  of  standing  steadily.  It  remained 
in  any  situation  in  which  it  was  placed,  not  because  it  did  not 
wish  to  change,  nor  because  it  wanted  muscular  contraction,  but 
because  it  was  incapable  of  combining  that  muscular  contraction 
so  as  to  produce  motion  of  the  kind  desired.  Thus,  if  menaced 
by  a blow,  the  bird  evidently  was  aware  of  its  danger,  wished  to 
avoid  it,  and  writhed  itself  into  a thousand  contortions  to  escape: 
but  the  muscular  contractions,  not  being  combined  or  directed  to 
one  end,  proved  of  no  use.  Again,  when  placed  on  its  back,  it 
disliked  the  position,  made  a thousand  vain  efforts  to  rise,  and 
finished  by  remaining  as  it  was. 

In  another  pigeon,  the  cerebellum  was  also  removed  by  layers 
from  before  backwards,  and  the  effects  are  thus  described.  The 
equilibrium  was  lost  almost  completely ; the  animal  had  great 
difficulty  in  keeping  itself  standing,  and  could  only  accomplish  it 
by  the  aid  of  its  wings  and  tail.  When  it  walked,  its  steps  were 
unsteady  and  tottering,  and  gave  it  all  the  appearance  of  an 
animal  that  was  drunk;  so  that  frequently  in  its  efforts  to 
advance  it  fell  and  rolled  over.  When  the  last  layers  had  been 
removed,  all  sort  of  harmony  or  combination  of  motion  was 
entirely  lost : it  could  no  longer  either  fly,  walk,  or  stand.  These 
faculties  were  lost  by  little  and  little,  as  each  successive  layer 
was  removed;  and  M.  Flonrens  found,  that  you  could  with 
certainty,  by  continuing  your  excision  to  a certain  extent,  destroy 
either  or  both  of  the  former  without  affecting  the  latter.  These 
faculties,  even  the  last,  are  lost  in  a gradual  manner,  becoming 
more  and  more  imperfect  before  they  are  quite  abolished.  The 
animal,  as  regards  standing,  commenced  by  being  unable  to 
remain  long  balanced  on  its  legs : it  tottered  almost  every  in- 
stant ; then  its  feet  no  longer  sufficed : it  was  obliged  to  assist 
itself  with  its  wings  and  its  tail;  finally,  every  upright  position 
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became  impossible,  the  animal  made  incredible  efforts  to  gain 
such  a position,  but  in  vain.  The  power  of  walking  was  lost  in 
a manner  similarly  gradual.  The  animal  at  first  had  a tottering 
gait,  quite  similar  to  that  of  a drunken  man ; then  it  assisted 
itself  with  its  wings,  then  it  could  no  longer  walk  at  all.  ‘ At 
the  removal  of  the  middle  layers,’  says  M.  Flourens,  * the  pigeon 
on  which  I was  experimenting  saw  and  heard  perfectly  well ; it 
Tittered  no  complaint,  its  appearance  was  gay  and  lively.  From 
its  general  air,  no  person  would  have  suspected  that  it  already 
wanted  half  its  cerebellum ; but  en  revanche,  its  gait  was  very 
tottering  and  uncertain,  and  it  soon  began  to  assist  itself  with 
its  wings.  I continued  to  cut.  The  animal  lost  totally  the 
power  of  walking ; its  feet  no  longer  sufficed  for  standing ; it 
could  merely  support  itself  on  its  bent  legs  by  the  aid  of  its  tail 
and  wings.  Frequently  it  endeavoured  to  fly  or  walk  away,  but 
these  useless  attempts  served  only  to  remind  us  of  the  first  efforts 
of  flight  or  walking  made  by  the  young  bird  when  it  leaves  the 
nest.  If  you  pushed  it  forward,  it  rolled  on  its  head ; if  back- 
ward, on  its  tail.  I pursued  my  sections,  and  the  animal  could 
no  longer  support  itself  on  its  knees,  tail,  and  wings ; it  rolled 
constantly  round  without  being  able  to  remain  in  any  fixed  posi- 
tion. When  worn  out  by  this  exercise,  it  would  remain  for  a 
moment  in  whatever  position  it  chanced  to  be  placed,  sometimes 
on  the  flat  of  its  back,  sometimes  on  its  belly.  All  this  time, 
it  saw  and  heard  perfectly.  During  its  interval  of  rest  the  least 
menace,  the  least  noise,  the  slightest  irritation,  renewed  the 
tumultuous  scene  of  its  contortions ; but  in  the  midst  of  all  these 
contortions,  so  wild,  so  violent,  so  unregulated,  there  never  was 
anything  like  convulsions.’ 

It  follows,  then,  from  these  experiments,  made  with  the 
greatest  care,  and  repeated  frequently,  that  the  office  of  the  cere- 
bellum is  to  combine  muscular  action  so  as  to  make  it  subser- 
vient to  flying,  walking,  running,  leaping,  standing,  &c.  If  this 
be  so,  what  becomes  of  the  doctrine  of  the  craniologists,  who 
make  it  the  organ  of  an  animal  propensity  or  passion  ? What 
experiments  have  they  so  decisive  and  undeniable?  But  we 
forget : Gall  and  Spurzheim  objected  to  experiment  as  a mode  of 
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testing  the  offices  performed  by  different  parts  of  the  brain : 
perhaps  they  had  some  notion  of  the  conclusions  to  which  such 
experiment  would  lead. 

M.  Flourens  next  turned  his  attention  to  the  tubercula 
quadrigemina,  which  we  have  already  said  are  the  roots  of  the 
nerves  of  sight,  and  are  situated  at  the  houndary-line  between 
the  brain  and  the  spinal  marrow;  the  line  at  the  one  side  of 
which  irritation  produces  convulsions — at  the  other,  not.  It 
may  he  necessary  to  add,  that  the  nerves  going  from  these  bodies 
do  not  run  to  the  organ  of  the  same  side,  but  after  meeting  are 
said  to  decussate,  the  fibres  of  each  crossing  those  of  the  other, 
and  so  proceeding  to  the  opposite  organ.  The  result  of  this, 
which  also  occurs  in  other  parts  of  the  brain,  is  that  an  injury 
done  to  either  side  of  that  organ  is  frequently  felt  at  the  opposite 
side  of  the  body ; thus  effusion  on  the  right  side  of  the  brain  will 
produce  paralysis  on  the  left  side  of  the  body.  We  shall  see 
that  a similar  effect  resulted  in  M.  Flourens’s  experiments. 

‘ I removed  from  the  brain  of  a pigeon  one  of  the  tubercles : 
the  excision  was  accompanied  by  a convulsive  general  flutter,  but 
not  of  any  duration.  The  eye  of  the  opposite  side  immediately 
lost  its  sight,  but  the  iris  remained  for  a long  time  moveable. 
The  animal  stood,  walked,  flew,  heard,  and  uttered  sounds  ex- 
pressive of  pain.  It  often  turned  round,  and  chiefly  towards 
the  side  on  which  the  tubercle  was  wanting : it  saw  perfectly 
with  the  eye  on  this  side.  This  latter  fact  probably  explains  the 
former,  which  had  no  connexion  with  the  removal  of  the  tubercle, 
but  with  the  natural  inclination  of  an  animal  to  move  towards 
the  side  at  which  it  sees  best.  This  is  rendered  probable  by 
the  experiment  of  covering  up  one  eye  in  several  pigeons, 
when  they  will  each  be  found  to  turn  most  frequently  towards 
the  side  at  which  is  the  uncovered  eye.  When  both  tubercles 
were  excised,  complete  blindness  was  tin*,  result ; but  the  animal 
retained  all  its  powers  of  hearing,  feeling,  standing,  walking,  and 
flying.  As  soon  as  the  immediate  pain  of  the  operation  was 
over,  the  animal  became  tranquil  and  quiet,  and  in  every  respect 
as  before,  save  that  it  was  totally  and  completely  blind.  The 
conclusion  then  is  clear,  these  tubercula  (quadrigemina  me,  as  it 
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were,  the  internal  organs  of  vision ; the  means  of  communicating 
to  the  brain  the  sensations  brought  in  by  the  optic  nerves.’ 

His  third,  and  by  many  degrees  his  most  interesting  inquiry, 
was  that  into  the  functions  of  the  cerebrum,  or  brain  proper, 
the  organ,  as  it  would  seem,  of  intelligence  and  instinct,  the 
centre  to  which  impressions,  made  on  the  sense,  are  all  referred, 
and  without  the  action  of  which  these  impressions  would  pass 
unnoticed  and  unknown.  In  these  experiments,  he  made,  as 
it  were,  a singular  analysis  of  the  animal’s  existence  ; he  deprived 
it  of  animal  life,  that  by  which  it  maintained  its  relations  with 
the  external  world,  and  left  it  only  organic  life,  that  by  which  it 
converted  into  nutriment  substances  placed  within  the  action  of 
its  digestive  organs.  A stranger,  as  M.  Broc  observes,  to  every- 
thing by  which  it  was  surrounded,  insensible  to  everything 
that  acted  on  it ; it  saw  not,  heard  not,  smelled  not,  tasted  not, 
touched  not, — not  even  that  which  touched  it.  Without  desires, 
without  cares,  without  pains,  without  pleasures ; indifferent  to 
everything,  it  lived  without  being  conscious  that  it  lived,  or 
or  rather  it  had  ceased  to  live  though  it  still  vegetated.  It  still 
breathed,  its  heart  beat,  its  animal  heat  was  preserved,  it  could 
even  move  when  urged  to  it  by  an  external  impulse;  but  the 
impulse  never  came  from  within,  it  had  ceased  to  have  any  voli- 
tion. 

‘ I deprived  at  once  of  the  two  hemispheres  of  its  brain  a fine 
healthy  chicken.  This  chicken,  deprived  of  both  hemispheres  of 
its  brain,  lived  ten  entire  months  in  the  most  perfect  health : it 
might  still  be  alive  had  I not  been  obliged,  in  coming  to  Paris, 
to  abandon  it.  During  all  that  time,  I never  lost  sight  of  it 
for  a single  day : every  day  I spent  many  hours  in  observing  it ; 
I have  studied  all  its  habits  ; I have  followed  it  in  all  its  ways ; 
I have  noted  all  its  proceedings ; and  I now  give  the  results  of 
this  long  and  careful  observation. 

‘No  sooner  had  I removed  the  two  cerebral  lobes,  than  it 
lost  the  sight  of  both  eyes : it  no  longer  heard  ; gave  no  sign  of 
volition  ; but  maintained  itself  on  its  legs  with  perfect  case  and 
steadiness.  It  walked  when  goaded  or  pushed  forward ; when 
thrown  in  the  air  it  flew ; it  swallowed  water  when  forced  into 
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its  beak.  It  never,  however,  made  any  motion,  unless  when 
irritated.  When  placed  on  its  legs  it  remained  on  its  legs ; 
when  laid  on  its  belly,  in  the  manner  in  which  fowLs  sleep,  it 
remained  on  its  helhr.  Constantly  it  was  plunged  in  a 


somnolence,  from  which  neither  voice,  nor  light,  nothing  snort 
of  direct  irritation,  by  means  of  blows,  pinches,  stabs,  <fcc.,  could 
arouse  it ; six  hours  after  the  operation,  it  assumed  the  attitude  of 
deep  and  profound  sleep,  that  is  to  say,  it  turned  its  neck,  and  hid 
its  head  beneath  its  wing,  as  animals  of  its  species  do  when 
sleeping.  I left  it  almost  half  a quarter  of  an  hour  in  this  situa- 
tion ; I then  irritated  it  suddenly,  and  it  awoke  with  a start ; 
but  scarcely  had  it  awoke  when  it  again  relapsed  into  a sleep  as 
deep  as  before.  Eleven  hours  after  the  operation,  I made  my 
cliicken  eat  by  opening  its  bill,  and  pushing  down  it  some  food, 
which  it  swallowed  very  well. 

1 The  next  day,  it  seldom  awoke  from  the  sleep  in  which  it 
was  plunged,  and  when  it  did  so,  it  was  with  all  the  usual 
gestures  of  a chicken  when  awaiting.  It  shook  its  head,  ruffled 
its  feathers,  sometimes  even  dressed  them  'with  its  bill : occa-  II 
sionally  it  changed  legs,  for  often  it  rested  only  on  one,  as  is  II 
common  with  buds.  In  all  these  cases,  it  reminded  us  of  a man  H 
asleep,  who,  without  quite  waiting,  or  rather  still  half  asleep.  I 
readjusts  his  posture,  &c.,  so  as  to  assume  one  less  fatiguing.  I 
stretches  himself,  yawns,  and  then  drops  off  again. 

‘On  the  third  day  it  was  no  longer  calm  as  ordinary:  it  I 
was  in  constant  motion,  went  here  and  there,  but  without  any  I 
determinate  aim  or  object;  and  if  it  met  with  any  obstacle  in  the  H 
way,  it  could  neither  avoid  nor  turn  away  from  it.  Its  caruncles  I 
were  of  a fiery  red ; its  skin  was  intensely  hot ; it  was  suffering  I 
from  a burning  fever : I confined  myself  to  pouring  down  its 
throat  abundance  of  water. 

* For  the  rest,  there  was  no  sign  of  convulsions,  no  difficulty 
in  balancing  itself,  no  want  of  harmony  in  its  motions in  two 
days  the  fever  had  ceased,  and  the  chicken  then  became  quiet 
and  somnolent  as  before. 

* l now  pass  over  many  entries  in  my  journal,  and  arrive  all 
at  once  at  the  second  month  from  the  operation. 
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‘The  chicken  enjoyed  perfect  health;  as  I had  carefully  fed 
it,  it  had  grown  fat : it  was  almost  constantly  asleep,  and  when 
not  asleep  was  still  dozing.  Some  days  past,  the  bones  of  the 
skull,  exposed  to  the  air,  had  exfoliated  and  fallen  off;  the  scar 
was  now  rapidly  healing. 

* Five  months  after  the  operation  : — I never  saw  a chicken 
fatter  or  in  better  health  than  this  one.  The  round  of  the  skull 
is  entirely  scarred  over  ; a fine,  smooth,  white  skin  clothes  the 
whole  surface,  and  beneath  the  skin  is  formed  a new  osseous 
layer,  still  thin  but  solid. 

‘ I have  many  times  allowed  this  chicken  to  fast  for  two  or 
three  days  together,  then  I have  placed  food  under  its  nostrils, 
I have  buried  its  beak  in  grain,  I have  placed  corn  in  the  end 
of  its  beak,  plunged  its  beak  in  water,  and  placed  it  on  a heap 
of  corn.  Under  all  these  circumstances  it  has  neither  smelled, 
pecked,  nor  drunk;  it  remained  immovable  on  the  heap  of  corn, 
and  would,  assuredly,  have  died  there  of  hunger,  had  I not 
resumed  my  method  of  feeding  it  myself. 

‘Twenty  times,  in  place  of  grain,  have  I placed  pebbles  at 
the  bottom  of  its  beak,  and  it  has  swallowed  them  just  as  it 
would  have  swallowed  grain. 

‘Furthermore;  when  this  chicken  meets  an  obstacle  in  its 
way,  it  knocks  up  against  it,  and  the  shock  makes  it  stop  and 
reel : but  to  knock  against  a body  is  not  to  touch  it ; the  chicken 
never  feels  its  way,  or  examines  by  the  touch ; it  never  hesi- 
tates when  advancing ; it  knocks  and  is  knocked,  but  it  does  not 
touch. 

‘Tims,  then,  the  chicken,  without  its  cerebral  hemispheres, 
has  really  lost  sight,  hearing,  smell,  taste,  and  touch ; yet  none 
of  these  senses,  or,  to  speak  more  perfectly,  no  'organ  of  these 
senses,  has  been  directly  interfered  with. 

Ihe  eye  is  perfectly  clear,  uninjured,  and  its  iris  moveable: 
the  organ  of  hearing  has  not  been  touched;  the  organ  of  taste  is 
perfect,  and  so  is  that  of  touch.  How  wonderful ! Sensation  no 
longer  exists,  though  all  the  organs  of  sense  remain  : it  is  clear, 
then,  that  sensation  does  not  reside  in  these  or<rans. 

. b 

‘finally;  the  chicken  without  hemispheres  lias  lost  all  its 
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senses,  for  it  neither  hears,  nor  sees,  nor  smells,  nor  tastes,  nor 
touches.  It  has  lost  all  its  instincts,  for  it  never  eats  of  itselfj 
to  whatever  length  of  fast  it  may  be  subjected;  it  never  takes 
shelter,  however  great  the  inclemency  of  the  weather  ; it  never] 
defends  itself  against  the  other  chickens,  it  knows  neither  how 
to  fly  nor  to  fight,  it  feels  no  more  the  sexual  desire,  and  remains 
indifferent  or  insensible  to  the  caresses  of  the  male.  It  has  lost  I 
all  intelligence,  for  it  no  longer  either  wishes,  or  remembers,  or 
judges. 

‘ The  cerebral  hemispheres,  therefore,  are  the  peculiar  and. 
proper  seat  of  the  sensations,  the  instinct,  and  the  intelligence.’ 

From  this  series  of  experiments,  clear,  complete,  and  con 
vincing,  M.  Floureus  has  established  the  offices  of  the  cerebellum 
the  tubercula  quadrigemina,  and  the  cerebrum ; attaching  to  the 
first  the  power  of  regulating  and  combining  the  motions  of  the 
body;  to  the  second,  that  of  connecting  an  impression  made  on 
the  visual  organ  with  the  place  where  it  is  to  become  a sensation; 
while  the  third  is  the  immediate  receptacle  of  those  sensations  as 
well  as  of  the  instinct  and  understanding. 

We  must  now  leave  this  subject,  however  interesting,  and  i 
proceed  to  consider  the  remaining  parts  of  the  nervous  system, 
the  spinal  marrow,  with  the  nerves  which  it  gives  off,  and  the 
great  sympathetic  nerve,  reserving  for  a separate  chapter  what 
we  have  to  say  regarding  the  organs  of  sense,  and  the  peculiar 
class  of  nerves  by  which  they  are  supplied.  And,  in  this  part 
of  our  task,  we  are  most  opportunely  met  and  assisted  by  the 
labours  and  discoveries  of  Sir  Charles  Bell,  who  had  originally 
set  out  nearly  with  the  same  object  as  M.  Floureus,  but  after 
wards  restricted  his  views  to  the  parts  which  we  are  now  about 
to  consider.  ‘ I have  to  add,’  he  says,  * that,  after  makin 
several  experiments  on  the  cerebrum  and  cerebellum,  I laid  the 
questions  of  their  functions  entirely  aside,  and  confined  myself 
to  the  investigation  of  the  spinal  marrow  and  the  nerves ; a subject 
which  I found  more  within  my  power,  and  which  forms  the 
subject  of  the  present  volume.’ 

We  have  already  described  the  spinal  marrow  as  composed 
of  four  columns  or  rods  of  nervous  matter,  two  anterior  and  two! 
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posterior,  laid  together  and  enclosed  in  a common  sheath.  As 
the  eye  runs  along  this  sheath,  it  perceives  that,  in  the  interval 
between  every  pair  of  vertebra?,  a nerve  is  sent  out  to  each  side 
of  the  body:  and,  on  looking  more  closely,  it  becomes  evident 
that  each  of  these  nerves  has  two  roots,  one  from  the  anterior, 
the  other  from  the  posterior  column,  or  root  of  the  spinal  marrow 
on  its  own  side ; that  these  roots  join  to  form  the  nerve  very 
soon  after  leaving  the  spinal  canal,  hut  that,  previous  to  join- 
ing, a ganglion,  or  little  enlargement,  containing  grey  matter, 
is  always  formed  on  the  root  coming  from  the  posterior  column. 
An  idea  of  this  may  he  formed  from  the  accompanying  cut,  in 
which  we  have  represented  a portion  of  the  spinal  marrow  re- 
moved from  its  canal,  the  sheath  laid  open,  and  the  origin  of  the 
nerves  displayed. 


Origin  of  Spinal  Nerves  with  Ganglia,  &c. 

j x,  Spinal  Marrow.  n,  Nerves  arising  from  it  by  a double  root. 

h.  Sympathetic  Nerve,  lying  across  the  others,  and  receiving  a root  in  its 
passage  from  each. 

Now,  in  examining  the  bodies  of  animals,  anatomists  always 
find  that  the  importance  of  any  particular  arrangement  is  to  be 
estimated  not  so  much  by  the  size  of  the  parts  concerned,  as  by 
the  constancy  with  which  they  assume  the  same  order ; and  as 
the  spinal  nerves  invariably  present  two  roots  and  a ganglion  on 
the  posterior,  as  the  distribution  of  certain  nerves  also  to  certain 
organs  is  never  wanting,  or  if  wanting,  the  organ  is  deprived  of 
its  particular  function,  it  follows,  from  the  above  principle,  that 
there  must  be  some  good  reason  why  these  nerves  should  have 
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two  distinct  roots,  and  why  the  distribution  of  others  should  so 
constantly  follow  the  same  law ; and  the  most  obvious  explana- 
tion is,  that  the  two  roots  confer  different  powers,  and  th 
certain  nerves  have  peculiar  functions.  In  speaking  of  th 
Alexandrian  School  of  Physiology,  we  have  mentioned  that  th 
former  of  these  explanations  had  occurred  to  Erasistratus,  andi 
that  he  had  actually  divided  nerves  into  nerves  of  sense  and 
nerves  of  motion,  to  which  he  assigned  different  origins:  he 
appears  also  to  have  had  ideas  of  the  peculiar  functions  of  certain 
nerves ; but  his  discoveries,  in  a great  measure,  perished  with 
him  and  the  school  to  which  he  belonged,  and  for  many  succeeding 
generations  it  seemed  to  be  the  doctrine  that  the  function  of 
nerves  depended  on  the  organs  to  which  they  were  sent : thus, 
that  any  nerve  would  see  as  well  as  the  optic,  if  sent  to  the  eye,  I 
or  any  nerve  taste  as  well  as  the  gustatory  branch  of  the  fifth,  if  | 
distributed  into  the  fine  papilla;  on  the  surface  of  the  tongue. 
Objections  to  this  doctrine  were,  however,  frequently  made,  and 
though  generally  taught,  it  was  felt  not  to  be  satisfactory.  The 
tongue  is  supplied  with  nerves  from  no  less  than  three  different; 
sources ; to  what  use,  it  was  said,  can  this  answer,  if  they  all 
supply  the  same  faculty?  To  this,  even  Soemmering  could  find 
no  better  reply  than  that  the  tongue  required  a great  deal  of 
nervous  excitement,  and  that,  perhaps,  two  or  three  small  nerves 
might  do  the  work  of  one  large.  Wrisberg,  Scarpa,  Prochaska, 
Paletta,  and  Munro,  each  approached  us,  cither  through  anatomy 
or  physiology,  something  nearer  to  the  true  explanation : but  it 
was  left  for  Sir  Charles  Bell  ultimately  to  propound  and  demon- 
strate, that  each  of  these  nerves  supplied  the  part  with  a pecu- 
liar endowment,  which  could  never  be  communicated  by  a pre- 
dominance, however  great,  of  the  other  nerves ; that  the  roots 
rising  from  the  anterior  columns  of  the  spinal  marrow  uniformly 
conveyed  the  principle  of  motion  to  the  muscle  to  which  they 


were  distributed ; that  sensation  was  the  property  of  the  pos- 
terior roots;  that  the  filaments  arising  from  them,  to  whatever 
length  they  might  run,  however  they  might  be  interwoven,  or 
bound  up  with  other  filaments,  never  lost  their  original  function. 
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To  this  discovery,  he  says,  he  was  led  by  a diligent  study  of  the 
anatomy  of  their  roots,  and  the  mode  in  which  he  laid  down  the 
principle  was,  that  ‘nerves  have  different  functions,  according 
to  the  divisions  of  the  brain  and  spinal  marrow,  from  which  they 
take  their  origin.’  Having  satisfied  himself  of  the  truth  of  this 
principle  by  anatomy,  he  next  proceeded  to  demonstrate  it  to 
others  by  experiment. 

‘ After  delaying  long,’  he  says,  * on  account  of  the  unpleasant 
nature  of  the  operation,  I opened  the  spinal  canal  of  a rabbit, 
and  cut  the  posterior  roots  of  the  nerves  of  the  lower  extremity; 
the  creature  still  crawled,  but  I was  deterred  from  repeating  the 
experiment  by  the  protracted  cruelty  of  the  dissection.’  The 
result,  however,  as  far  as  it  went,  was  clearly  consonant  with  his 
views;  the  animal  had  moved  after  the  posterior  root  of  the 
nerves  had  been  divided,  therefore  these  were  not  the  roots  which 
served  for  motion.  It  next  occurred  to  him,  that  as  life  does  not 
leave  the  muscles  and  nerves  directly  on  an  animal’s  being 
knocked  down  and  rendered  senseless,  he  might  experiment  on  it 
in  this  state,  and  thus  save  it  the  torture  of  being  dissected  alive. 
For  this  purpose  a rabbit  was  struck  behind  the  ear,  so  as  to 
deprive  it  of  sensibility  by  the  concussion,  and  the  spinal  marrow 
was  then  exposed.  On  irritating  the  posterior  roots  of  the  nerve, 
no  action  could  be  perceived  consequent  on  it  in  any  part  of  the 
muscular  frame;  but  on  irritating  the  anterior  roots  of  the 
nerve,  at  each  touch  of  the  forceps  there  was  a corresponding 
motion  of  the  muscles  to  which  the  nerve  was  distributed. 
Every  touch  of  the  probe,  or  needle,  on  the  threads  of  this  root 
was  attended  with  a muscular  motion,  as  distinct  as  the  motion 
produced  by  touching  the  keys  of  a harpsichord.  These  expe- 
riments fully  proved  that  the  different  roots  and  different 
columns  from  whence  these  roots  had  their  origins  were  devoted 
to  distinct  offices,  and  that  the  notions  drawn  from  anatomy  were 
Correct.  The  explanation  was  therefore  obvious,  why  one 
part  should  be  supplied  with  nerves  from  two  to  three  different 
sources;  but  to  reduce  this  also  to  the  test  of  experiment,  ho 
selected  the  face,  which  is  supplied  with  two  nerves,  the. fifth  and 
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the  seventh  : on  cutting  across  the  nerves  of  the  fifth  pair  on 
the  face  of  an  ass,  it  was  found  that  the  sensibility  of  the  parts 
to  which  it  was  distributed  was  entirely  destroyed ; on  cutting 
across  the  nerve  of  the  seventh  pair  on  the  face  of  an  ass,  the 
sensibility  was  not  in  the  slightest  degree  diminished.  From 
this  it  followed,  that  the  fifth  pair  was  the  nerve  of  sensibility  of 
the  face,  that  is,  the  nerve  by  which  the  face  felt  all  impressions 
made  upon  it ; and  in  tracing  this  nerve  back  to  its  origin,  it 
was  found,  soon  after  leaving  the  brain,  to  present  a ganglion,  so 
that  it  in  all  respects  answers  to  the  nerves  arising  from  the 
posterior  roots  of  the  spinal  marrow,  and  which,  as  we  have 
already  shown,  tend  to  the  same  office  for  other  parts  of  the  body. 
But  the  similitude  does  not  terminate  here ; Paletta  had  shown 
that  all  the  filaments  of  the  fifth  pair  did  not  enter  the  ganglion; 
a few  passed  by  it,  forming,  as  it  were,  a separate  root  to  the 
nerve ; and,  on  tracing  these  carefully,  they  were  found  distri- 
buted to  the  muscles  that  move  the  lower  jaw : could  these  be, 
like  the  anterior  roots  of  the  spinal  nerves,  destined  to  produce 
muscular  motion  ? ‘ The  opinion,’  says  Sir  C.  Bell,  * was  con- 

firmed bv  experiment.  The  nerve  of  the  fifth  pair  was  exposed 
at  its  root  in  an  ass,  the  moment  the  animal  was  killed ; and, 
on  irritating  the  nerve,  the  muscles  of  the  jaw  acted,  and  the 
jaw  closed  with  a snap.  On  dividing  the  root  of  the  nerve  in  a 
living  animal,  the  jaw  fell  relaxed.’  Thus  the  functions  of  the 
fifth  pair  are  no  longer  a matter  of  doubt ; — it  is  to  the  face 
what  the  spinal  nerves  are  to  the  body ; it  arises,  like  them,  by 
a double  root,  one  supplied  with  a ganglion,  the  other  wanting 
it ; and  also,  like  them,  it  contains  two  sets  of  filaments,  the  one 
for  sensation,  derived  from  the  former  root,  the  other  for  motion, 
owing  their  origin  to  the  latter  root. 

It  appears,  then,  that  each  nerve,  or,  more  properly,  each 
nervous  filament,  for  filaments  of  different  power  may  be  bound 
up  in  one  common  sheath,  performs  but  one  function;  con- 
sequently, that  if  a part  be  required  to  execute  more  offices 
than  one,  it  must  be  supplied  with  nerves  from  more  sources 
than  one. 
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We  have  thus  given  as  full  a view  as  our  limits  and  the 
nature  of  our  work  will  permit,  of  the  discoveries  and  theory  of 
Sir  Charles  Bell,  to  which  we  must  add,  that  they  have  been  by 
no  means  allowed  to  pass  unquestioned.  In  fact,  in  1815, 
Mr.  Cross  propounded  the  diametrically  opposite  doctrine,  that 
the  anterior  pillars  and  roots  were  destined  for  sensation,  and  the 
posterior  for  motion;  Mr.  Walker  thought  this  so  far  the  truer 
doctrine,  that  he  wrote  to  claim  it  as  his  own;  while  Burdach, 
who,  with  Baer,  in  1818,  made  a series  of  experiments  on  frogs, 
‘ altogether  denied  the  distinctness  of  function  of  the  anterior  and 
posterior  roots,  and  arrived  at  the  conclusion,  that  the  united 

* influence  of  both  is  necessary  to  produce,  in  a spinal  nerve,  the 
! perfect  discharge  of  either  of  its  functions,  sensation,  or  motion. 

I11  1822  Magendie,  being  made  acquainted  with  Sir  Charles 
Bell’s  views  by  Mr.  Shaw,  immediately  commenced  a set  of  expe- 
riments, the  result  of  which  was  to  afford  them  the  strongest  and 
-■  most  decided  confirmation.  Thus  in  a young  dog,  having  divided 
; the  posterior  roots  of  the  spinal  nerves,  he  says,  ‘ the  sensibility 
•'  was  always  completely  extinguished when  the  interior  roots 
were  cut,  ‘ the  limb  became  relaxed  and  motionless,  while  it  evi- 
••  dently  retained  its  sensibility.’  And,  finally,  he  thus  expresses 
? himself  at  the  conclusion  of  his  essay : * the  posterior  roots  appear 
destined  more  particularly  to  fulfil  the  functions  of  sensibility, 
-•  while  the  anterior  roots  arc  more  especially  connected  with  the 
■'  functions  of  motion.’  Subsequent  experiments  do  not  appear  to 
1 have  been  altogether  so  decisive;  as  we  find  him,  in  a second 
$ paper  on  the  subject,  coming  to  the  conclusion,  that  sensation 

* does  not  derive  its  origin  exclusively  from  the  posterior  nerves, 
nor  motion  from  the  anterior.  Since  then,  the  interesting  nature 
of  the  question  has  caused  very  many  physiologists  to  attempt 
its  solution.  Fodera  gained  results  very  dubious,  and,  in  many 

”jl  instances,  opposed  to  Magendie.  Bcllingeri  framed  a theory  of 
his  own ; viz.,  that  the  posterior  roots  of  the  nerves  served  for 

* The  extension  of  limbs,  and  the  anterior  for  their  flexion;  a 
’theory  which  it  appears  to  us  we  should  be  almost  justified  in 

: 3 terming  ridiculous.  Schops,  Backer,  and  Bedard,  made  their 
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experiments  with  various  results,  all,  however,  tending  towards 
Sir  Charles  Bell’s  views,  which  appear  to  have  received  their  final 
confinnation  from  the  experiments  of  the  accurate  M tiller,  pub- 
lished in  1831,  as  well  as  those  made  by  Panizza,  in  presence  of 
Scarpa,  and  by  Seubert,  in  presence  of  Tiedemann,  about  the 
same  period.  Dr.  Stannius  was,  we  believe,  the  last  experi- 
menter in  this  line ; but,  as  his  testimony  goes  chiefly  to  confirm 
the  accuracy  of  Muller,  and,  consequently,  the  correctness  of 
Sir  Charles  Bell’s  views,  we  may  be  excused  entering  into  it, 
referring  those  who  may  be  anxious  to  see  an  account  of  his  ex- 
periments to  Iiecker’s  litterdrische  Annalen,  for  December, 
1832,  from  whence  they  were  transferred  to  the  pages  of  the 
Dublin  Journal  of  Medical  and  Chemical  Science,  a periodical 
which  has  now  attained  a marked  priority  in  introducing  the 
labours  of  foreign  physiologists  to  the  notice  of  their  British 
brethren. 

The  principle  of  nervous  action  has  been  much  contested,  and 
little  understood:  it  shall,  therefore,  detain  us  but  for  a very 
short  time.  Three  theories  are  ventured  on  the  subject:  1st, 
that  a veiy  fine  subtile  fluid  is  transmitted  from  the  brain  to  thel 
nerves,  and  vice  versa,  and  so  conveys  the  commands  of  the  will 
or  notice  of  an  injury;  2ndly,  that  this  takes  place  by  vibratioi 
or  undulations  along  the  course  of  the  nerve ; and,  3rdly,  tha' 
this  principle  is  neither  more  nor  less  than  the  galvanic  current. 
The  first  opinion  is  very  old,  and  seems  to  have  originated  in  thd 
idea  that  the  brain  was  a gland,  and,  from  the  gi'eat  quantity  oil 
blood  sent  to  it,  must  secrete ‘some  kind  of  fluid.  This  flui 
could  not  he  shown,  therefore  it  must  necessarily  be  of  a very] 
subtile  nature,  and  capable  of  moving  with  the  necessary  velo- 
city, or,  as  Stuart  describes  it,  ‘ tenuissimum,  dulcissimum,  mobi 
lissimum,  et  minime  cohaerens,  aut  coagulationi  sanguinis  ob 
noxium;’  that  is,  most  subtile,  most  bland,  most  mobile 
possessed  of  the  least  possible  tenacity,  and  not  liable  to  coagula 
tion  like  the  blood.  It  is,  in  short,  the  animal  spirits  of  th 
philosophers  of  two  or  three  centuries  back,  and  to  which  th 
genius  of  Descartes  gave  the  principal  celebrity.  Researches  arc 
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still  being  made  by  German  physiologists  after  this,  as  yet,  ima- 
ginary fluid,  and  Autenrieth,  we  believe,  is  said  to  have  all  but 
demonstrated  it.  Until  he  does  so  completely,  we  will  take  leave 
to  doubt  its  existence,  the  more  particularly,  that  even  if  we 
were  to  admit  the  nerves  to  be  tubes,  and  containing  a fluid, 
both  of  which  facts  we  deny  for  want  of  evidence,  we  do  not 
see  how  the  fact  of  a fluid  moving  backwards  and  forwards  would 
assist  our  understanding  the  nature  of  sensation  and  volition. 

The  second  hypothesis,  or  that  of  vibrations,  owes  its  chief 
celebrity  to  Hartley,  and  supposes  that  the  nerves  are  something 
like  the  strings  of  a musical  instrument,  which,  when  touched, 
vibrate,  and  that  this  impression,  made  at  one  end,  is  commu- 
nicated at  the  other.  Those  vibrations  were  supposed  to  be  con- 
tinued into  the  brain,  and  were  even  made  use  of  to  explain  the 
association  of  ideas : but  there  is  nothing  so  absurd  that  an 
ingenious  man  cannot  colour  over,  and  invest  with  a certain 
degree  of  plausibility.  All  the  world  knew  that  the  common 
conditions  required  before  a chord  can  vibrate  are,  that  it  should 
be  tense,  or  stretched  between  its  extremities,  and  isolated,  or  not 
allowed  to  rest  along  another  body  : but  every  one  who  had  eyes, 
could  see  that  a nerve  was  so  far  from  being  tense,  that,  if  cut, 
its  cut  ends  actually  overlapped  each  other,  and  so  far  from 
being  isolated,  that  it  was  the  whole  way  imbedded  in  soft,  moist, 
cellular  structure,  often  surrounded  by  fat  and  other  yielding  sub- 
stances; yet,  though  they  knew  the  one,  and  could  see  the  other, 
they  still  persuaded  themselves  that  somehow  or  other  a nerve 
could  vibrate : certainly  when  they  had  got  so  far,  subsequent 
difficulties  were  not  likely  to  stop  them. 

.1  The  third  hypothesis,  or  that  of  electricity  or  galvanism,  has 
,;.|  been  most  elucidated  by  the  researches  of  l)r.  Wilson  Philip,  and 
I we  shall  briefly  consider  the  experiment  on  which  he  most  insists, 
j]fi  as  proving  its  truth. 

The  hair  was  shaved  ofl'  the  skin  over  the  stomach  of  a 
young  rabbit,  and  a shilling  bound  on  it.  The  eighth  pair  of 
nerves  (the  pair  by  which  the  stomach  is  supposed  to  be  endowed 
with  the  faculty  of  digestion)  were  then  divided,  and  about  a 
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quarter  of  an  inch  of  the  lower  part  of  each  coated  with  tinfoil.  I 
This  was  done  to  render  them  more  convenient  conductors  of  the®1 
galvanic  fluid,  which  was  then  sent  along  them  in  the  usual  wav. 
For  five  hours  the  animal  continued  in  a perfectly  natural  state, 
and  exhibited  none  of  those  symptoms  of  derangement  of  the 
functions  of  the  lungs  and  stomach  which  usually  follow  the  di- 
vision of  the  eighth  pair.  It  had  neither  vomited,  nor  been  dis- 
tressed with  difficulty  of  breathing.  It  had  not  eaten  anything 
after  the  nerves  were  divided.  The  power  of  the  galvanic 
mixture  was,  by  this  time,  getting  exhausted,  and,  in  proportion 
as  it  failed,  so  did  the  animal’s  respiration  become  disordered : in 
a quarter  of  an  hour  it  had  become  so  difficult,  that  the  animal 
lay  gasping,  and  apparently  at  the  point  of  death.  Acid  was 
now  added  to  the  mixture  in  the  trough,  and  the  galvanic  power 
raised,  till  as  high  as  at  first.  Soon  after  this  the  animal  ceased 
to  gasp,  and  breathed  with  much  greater  freedom.  The  galvanic 
process  was  several  times  discontinued  and  renewed,  and  always 
with  the  same  effects.  The  animal  died  in  six  hours  after  thci 
division  of  the  nerves,  and,  on  being  opened,  it  was  found  that 
some  parsley,  which  it  had  eaten  previous  to  the  experiment,  had 
disappeared,  or  at  least  was  deprived  of  all  its  peculiar  appearance 
and  smell,  and  reduced  to  such  a pulp  as  is  usual  in  healthy  di-  I 
gestion.  ‘ Both  Mr.  Hastings  and  myself,’  says  Dr.  Philip 
‘ who  have  been  much  accustomed  to  examine  the  stomach  o 
rabbits,  under  various  circumstances,  thought  that  digestion  war 
nearly  as  perfect  as  it  would  have  been  in  the  same  time  in  a 
healthy  rabbit.  This  rabbit  had  not  eaten  anything  for  twelve  •- 
hours,  till  within  three  hours  of  the  experiment ; it  was  thei 
very  hungry,  and  was  allowed  to  eat  as  much  parsley  as  if  . 
chose.’ 

This  experiment  Dr.  Philip  varied  and  repeated  in  different 
ways,  and  added  others  similar,  which  also  gave  similar  re- 
sults; in  conclusion,  he  says,  ‘We  here  see  the  influence  ot  thci 
brain  removed,  that  of  a galvanic  trough  substituted  in  ita 
place,  and  the  result  the  same  as  if  the  influence  of  the  braiJI 
had  still  continued;’  he  therefore  concludes,  that  the  nervomjl 
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influence  is  the  galvanic  fluid,  collected  hy  the  brain  and  spinal 
marrow,  and  sent  along  the  nerves ; and  asks,  Whether  it  be 
possible  to  explain  the  result  of  his  experiments  without 
admitting  the  identity  of  the  nervous  influence  and  galvan- 
ism ? 

Now,  if  we  consider  this  advanced  as  a strict  logical  proof, 
a fallacy  is  at  once  evident,  though  Dr.  Philip  has  ingeniously 
kept  it  out  of  view,  by  making  Iris  syllogism  an  enthymeme, 
and  placing  the  fallacy  in  the  suppressed  proposition.  For  his 
argument  is  this  : galvanism  produces  the  same  effects  as  the 
nervous  influence  sent  from  the  brain,  therefore,  galvanism  is 
the  nervous  influence  sent  from  the  brain.  The  suppressed 
proposition  is,  ‘ sameness  of  effect,  infers  identity  of  cause;’  and 
the  fallacy  of  this  we  can  demonstrate  without  leaving  the 
ground  Dr.  Philip  has  chosen ; for  if  he  select  the  contraction 
of  a muscle  as  the  effect,  we  know  it  can  be  caused  by  pinching 
..  with  a forceps  the  cut  end  of  the  nerve  going  to  it,  and  it  can 
, also  be  caused  by  sending  a galvanic  shock  through  the  nerve; 
.•  but  it  is  evident,  that  pinching  with  a forceps  is  not,  therefore,  a 
galvanic  shock. 

Leaving,  however,  the  strictness  of  logical  proof,  which  is 
seldom  to  be  expected  in  such  a case  as  the  present,  we  would  in 
, the  first  place  remark,  that  the  accuracy  of  Dr.  Philip’s  cxperi- 
ments  has  been  denied  on  very  high  authority ; and  the  follow- 
ing experiment  which  Dr.  Cooke  relates,  as  having  been  made 
for  the  satisfaction  of  some  of  the  members  of  the  Eoyal  Society, 
- certainly  tends  to  support  the  denial. 

Experiment  i.  ‘Two  rabbits,  which  had  had  no  food  for 
j;  seventeen  hours,  were  allowed  to  eat  as  much  parsley  as  they 
chose ; the  nerves  of  the  par  vagum  (eighth  pair)  were  then 
. divided  at  the  neck  of  both  the  rabbits.  One  of  the  rabbits  was 
. subjected  to  the  influence  of  a voltaic  battery,  and  the  process 
!:  was  continued  for  five  hours;  the  other  rabbit  was  allowed  to 
remain  quiet.  At  the  end  of  five  hours  the  two  rabbits  were 
killed  ; and,  on  examining  the  stomachs  of  both,  the  appearances 
were  exactly  alike,  except  that  the  contraction  of  the  centre  was 
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somewhat  greater  in  the  galvanized  stomach  than  the  other.’ 
This  is  totally  inconsistent  with  what  should  have  happened,  if 
Dr.  Philip’s  theory  were  correct ; hut,  in  fact,  it  seems  bv  no  j 
means  generally  admitted  that  the  functions  of  the  stomach  are 
dependent  on  the  eighth  pair,  which,  it  will  be  observed,  is  taken 
for  granted  by  Dr.  Philip,  but  expressly  denied  by  Sir  Benjamin 
Brodie  and  other  eminent  physiologists,  and  that  on  the  faith  of 
such  experiments  as  the  following,  which  Dr.  Cooke  seems  to 
give  on  his  own  authority. 

Experiment  2.  ‘In  a young  cat,  the  termination  of  the  I 
nerves  of  the  eighth  pair  on  the  cardia  of  the  stomach  were 
carefully  divided ; the  animal  was  perfectly  well  afterwards,  was 
lively,  ate  its  food  as  usual,  and  the  respiration  was  not  affected. 
At  the  end  of  a week,  and  three  hours  after  having  been  fed 
with  meat,  the  cat  was  killed.  On  dissection,  digestion  was 
found  to  be  going  on  as  usual ; the  food  in  the  stomach  was, 
in  a great  measure,  dissolved,  and  the  thoracic  duct  and  the  I 
lacteals  were  distended  with  chyle,  having  the  ordinary  appear-  | 
ance.  The  nerves  were  carefully  traced,  and  it  was  ascertained  ■ 
that  not  the  smallest  filament  had  been  left  undivided.  This 
experiment  was  repeated  with  exactly  the  same  results,  and  the 
Editor  of  the  Quarterly  Journal,  commenting  on  it,  observes, 

‘ it  appears  to  set  the  inquiry  at  rest,  and  disprove  the  experi- 
ments made  by  Dr.  Wilson  Philip.’  ’ 

But  though  Dr.  Philip  has  failed  to  establish  his  own 
opinion,  he  has  given  a very  satisfactory  refutation  of  the 
theories  of  Descartes  and  Hartley.  He  cut  a nerve,  and  after 
retracting  its  extremities  to  the  distance  of  a quarter  or  half  an 
inch  from  each  other,  found  that  it  was  still  capable  of  conveying 
the  stimulus  to  act : of  course,  this  would  have  been  impossible, 
had  it  consisted  in  vibrations,  nor  do  we  see  how  it  was  to  take 
place,  if  dependent  on  a subtile  fluid  flowing  through  very  fine 
tubes. 

The  only  one  of  the  three  theories  seriously  deserving 
examination  is  the  last,  that  which  considers  the  nervous  force 
to  be  identical  with  electricity,  to  which  it  certainly  bears 
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very  considerable  resemblance.  The  probabilities,  however,  are 
against  the  two  forces  being  identical,  and  for  the  following 
reasons : — 

x.  Most  delicate  tests  for  electricity'  fail  to  detect  the  ex- 
istence of  a galvanic  current  in  the  nerves  either  during  their 
quiescent  or  their  active  state. 

2.  Xerves  are  very  bad  conductors  of  electricity ; they  are 
not  merely  far  inferior  in  this  respect  to  the  metals,  but  they 
are  even  far  worse  conductors  than  the  muscles.  Moreover,  the 
provision  for  insulation  is  very  imperfect. 

3.  The  propagation  of  the  nervous  force  may  be  arrested 
by  tying  a ligature  round  the  nerve,  whilst  the  nerve  is  still 
capable  of  transmitting  electricity. 

4.  If  a portion  of  a nerve  is  cut  out,  and  replaced  by  some 
electric  conductor,  electricity  may  be  transmitted,  but  not  the 
nervous  force. 

5.  Certain  animals,  such  as  the  electric  eel  (gymnotus 
electrieus)  which  do  generate  evident  electricity,  do  so,  not  by 
any  part  of  the  ordinary  nervous  system,  but  by  a distinct 
apparatus  which  bears  no  resemblance  to  that  system. 

We  may  conclude,  perhaps,  that  the  nervous  force  is  a polar 
force,  in  close  analogy,  though  not  identical,  with  light,  heat, 
electricity,  magnetism ; in  short,  to  use  the  language  of  Faraday, 
— ‘ if  there  be  reason  for  supposing  that  magnetism  is  a higher 
relation  of  force  than  electricity,  so  it  may  well  be  imagined  that 
the  nervous  power  may  be  of  a still  more  exalted  character,  and 
yet  within  the  reach  of  experiment.’ 

It  only  remains  that  we  should  say  a word  of  what  is  called 
the  great  sympathetic  nerve. 

This  has  properly  neither  beginning  nor  ending:  it  resem- 
bles none  of  the  nerves  of  which  we  have  hitherto  been  speaking, 
and  which  can  all  be  shown  to  originate  at  some  determinate 
place,  either  of  the  brain,  or  spinal  marrow.  The  sympathetic, 
on  the  contrary,  seems  to  spring  up,  as  it  were,  everywhere ; 
and  to  be,  in  fact,  a collection  of  ganglia  united  together  by 
innumerable  nervous  filaments,  and  sending  out  others  to  all 
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the  organs  found  in  the  great  cavities  of  the  chest  and  abdo- 
men, and  generally  known  by  the  appropriate  term  of  vital.  In 
fact,  wherever  an  ordinary  nerve  comes  off  from  the  spinal 
marrow,  there  the  sympathetic  is  sure  to  have  a distinct  filament 
sent  to  it  also  (see  last  plate) ; insomuch,  that  Le  Gallois  con- 
cludes it  to  arise  from  all  the  spinal  marrow.  The  filament,  in 
the  first  instance,  runs  into  one  of  these  small  collections  of 
grey  brain-like  matter  termed  a ganglion,  and  it  is  here  that  it 
becomes,  as  it  were,  incorporated  with  the  other  filaments  of 
the  sympathetic,  system,  and  endued  with  its  peculiar  properties. 
It  was  at  one  time  thought  that  ganglia  were  peculiar  to  this 
nerve,  whence  it  was  supposed  that  they  might  be  so  many 
centres  for  combining  the  actions  and  feelings  of  the  different 
parts  which  derived  nerves  from  this  source,  and  thus  being 
the  means  of  producing  sympathy,  the  name  of  sympathetic 
was  given  to  the  entire  system.  Bichat  even  went  so  far  as 
to  consider  it  a distinct  system,  and  quite  independent  of  the 
other,  or  eerebro-spinal  system.  The  latter,  he  supposed  to  be 
the  centre  of  animal  life ; that  life  by  which  we  perform  all 
voluntary  motions,  and  maintain  our  connexion  with  other 
animals : the  former,  he  considered  as  the  seat  or  centre  of 
organic  life,  that  life  by  which  we  maintain  our  individual 
existence;  and  as  the  brain  and  spinal  marrow,  through  the 
nerves  which  they  give  off,  direct  all  our  actions  in  the  one,  so 
did  he  suppose  that  the  ganglia  were  so  many  distinct  little 
brains  for  presiding  over  all  the  internal  motions  necessary  to 
the  healthy  maintenance  of  the  other. 

An  important  difference  in  the  mode  of  action  of  this  nerve 
is,  that  it  is  not  under  the  direction  of  the  will.  The  use  of  this 
is  great  and  obvious : the  parts  supplied  by  it,  and  deriving 
their  vital  energy  from  it,  are  of  such  a nature  that  their  functions 
are  required  to  proceed  independently  of  our  volition  or  attention; 
in  fact,  while  we  are  asleep,  as  well  as  when  we  are  awake. 
Thus  the  heart,  which  is  abundantly  supplied  by  branches  of  the 
sympathetic  nerve,  beats  night  and  day,  from  the  moment  of  our 
birth  to  that  of  our  death,  without  requiring  from  us  any  care  or 
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pains,  and.  its  cessation  would  be  instantly  fatal.  How  wise  then 
the  provision,  thus  to  withdraw  from  the  reach  of  our  will  or 
caprice,  an  organ  on  the  action  of  which  our  whole  life  depends ; 
and  bestow  on  it  a new  and  different  principle  of  action,  which, 
while  it  impels  its  muscles  constantly  to  contract,  at  the  same 
time  relieves  them  from  ever  feeling  that  sense  of  lassitude  and 
weariness  so  overpowering  under  continued  exertion  of  what  are 
called  the  voluntary  muscles.  Equal  wisdom  is  observable  in 
the  peculiar  kind  of  sensibility  with  which  it  is  endued.  The 
nerves  that  arise  from  the  posterior  columns  of  the  spinal  marrow 
and  terminate  everywhere  on  the  surface  of  the  body,  serve,  by 
their  power  of  conveying  impressions,  to  give  instant  notice  of 
the  approach  of  whatever,  by  its  continuance,  would  be  injurious 
or  detrimental  to  the  entire  frame.  A man  who  accidentally 
suffers  his  hand  to  touch  any  body  of  a temperature  higher  than 
is  consistent  with  the  existence  of  an  organised  part,  is  at  once 
warned,  by  the  pain  of  the  burn,  to  withdraw  it.  Were  the 
injury  accompanied  by  no  pain,  it  is  evident,  he  might  allow  it 
to  proceed  until  it  had  reached  some  vital  part,  when  his  life 
would  be  the  sacrifice. 

This  obvious  and  simple  reasoning  at  once  enables  the  phy- 
siologist to  reply  to  those  discontented  visionaries  who  rail  at 
the  existence  of  pain  as  an  evil,  and  imagine  bow  we  might  have 
been  framed  so  as  to  be  insensible  to  its  existence.  The  same 
reason,  however,  by  no  means  will  extend  to  internal  organs 
supplied  by  the  sympathetic  nerve.  Any  destructive  cause,  to 
reach  them,  must  have  already  penetrated  the  sensitive  surface, 
where,  of  course,  abundant  notice  of  its  presence  has  been  given, 
and  all  further  is  needless.  We  find,  therefore,  that  of  ordinary 
* sensibility,  the  sympathetic  system  is  totally  devoid.  No  man 
can  tell  what  part  of  his  stomach  or  bowels  is  full  and  what  part 
empty,  though  he  would  have  no  difficulty  in  saying  whether 
one  of  his  hands  was  full  and  the  other  empty ; nay,  so  com- 
pletely is  this  nerve  devoid  of  ordinary  sensibility,  that  it  is  said, 
its  plexuses  and  branches  may  be  cut,  or  pulled,  or  twisted, 
without  the  animal  appearing  to  suffer  the  least  pain.  But  wo 
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know  that  this  insensibility  does  not  extend  to  cases  in  vrhieli 
derangements  occur  in  the  functions  over  which  it  is  set  to  watch; 
let  a man  be  seized  with  inflammation  of  the  stomach,  or  spasms 
of  the  intestines ; let  him  have  a stone  in  his  bladder,  or  an  ob- 
struction in  the  gall-ducts,  and  then  ask  him  whether  his  svm- 
pathetic  nerve  is  not  capable  of  conveying  the  sensation  of  pain, 
and  thereby  giving  warning  that  something  in  the  system  • is 
going  wrong  and  requires  correction  ? 

We  may  conclude  this  chapter  with  a concise  summary,  a 
brief  outline,  of  the  views  entertained  at  the  present  day  of  the 
functions  and  relations  of  the  various  parts  of  the  nervous 
system. 

The  nervous  system  ramifies  extensively  throughout  the 
body,  and  serves  to  bring  the  various  organs  into  close  connexion 
or  harmony  with  one  another.  The  experience  of  ages  has  fixed, 
and  no  doubt  with  correctness,  on  this  system  as  the  seat  of  the 
operation  of  the  intellectual  powers ; as  the  means,  too,  by  which 
these  powers  are  brought  into  that  relation  with  the  external 
world,  without  which  we  should  be  isolated  and  insensible  beings. 

If  we  now  proceed  more  closely  to  analyze  this  wonderful 
apparatus,  we  at  once  perceive  that  we  can  resolve  its  functions 
into  various  subdivisions. 

1.  Experience  tells  us  readily  that  we  possess  within  us  a 
certain  power  which  we  may  call  ‘volition;’  we  ‘will,’  for  in- 
stance, to  raise  an  arm  or  a leg,  to  make  a gesture,  to  articulate 
definite  sounds,  and  we  at  once  can  do  so.  This  power  is  intimately 
connected  with,  in  fact,  manifested  through  the  medium  of,  certain  ! 
nerves  distributed  to  the  muscles;  nerves  which  have  the  property  | 
of  stimulating  the  muscles  to  contract.  These  nerves,  the  instru-  ; 
ments  of  volition,  are  called  ‘motor’  nerves. 

2.  If  a stimulus  be  applied  to  the  surface,  say  of  the  skin,  on 
which  other  nerves  are  distributed,  an  impression  or  sensation  is 
produced : the  power  of  perceiving  this  impression  is  called  ‘ sen- 
sibility;' the  nerves  which  minister  to  it,  ‘sensory  nerves.  This 
sensibility  may  be  of  a kind  common  to  many  parts  of  the  body, 
such  as  the  feelings  of  warmth,  of  fatigue,  of  pain.  &c. : it  is  then 
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called  common  sensibility ; or  it  may  be  of  a kind  peculiar  to 
one  part  only,  as  the  sensation  of  light  is  peculiar  to  the  eye,  of 
taste  to  the  mouth,  of  smell  to  the  nose,  &c. ; it  is  then  called 
special  sensibility,  and  the  nerves  which  induce  it,  nerves  of 
special  sense. 

3.  Placed  in  dependence  on  these  two  functions,  fed  by 
sensation,  manifesting  itself  by  volition,  we  find  the  highest 
attribute  of  the  nervous  force,  the  Intellectual  Faculties,  the 
more  especial  characteristic  of  the  human  race.  Though  these 
are  higher  in  their  attributes,  more  spiritual  in  their  essence, 
they  are  still  located  in  certain  parts  of  the  gross,  the  palpable 
nervous  system,  and  require  for  their  proper  manifestation  a 
healthy  condition  of  the  physical  tissue,  in  which,  for  the  time, 
they  may  be  said  to  have  their  residence. 

4.  Independent  of  the  functions  we  have  mentioned,  we 
have  another  power  more  or  less  held  in  subjection  by  volition, 
but  still  constantly  manifesting  itself  in  various  ways.  This 
power  we  may  term  * emotion,’  which  is  closely  allied  to  what,  in 
the  lower  animals,  is  usually  called  instinct. 

The  emotions  are  familiar  enough  to  us;  the  anger  felt  at 
some  injurious  expression,  the  fear  experienced  at  the  approach 
of  danger,  the  fondness  of  a mother  for  her  child,  nay,  even  the 
rudimentary  feelings  of  love,  are  all  instances  of  this  power. 
Emotion  is  not  merely  felt,  independently  of  the  will,  it  also 
manifests  itself,  by  appropriate  actions,  as  well  on  the  organic 
functions,  such  as  the  circulation, — we  grow  faint,  for  instance, 
at  the  sight  of  blood ; we  become  pale  with  fear ; we  get  red 
with  anger  or  with  shame — as  on  what  we  term  the  voluntary 
organs.  The  muscles  of  the  face  are,  beyond  all  others,  in- 
fluenced by  this  power ; in  spite  of  the  will,  the  countenance 
changes  under  the  influence  of  joy,  of  grief,  of  hope,  or  of 
despair.  The  great  effort  of  the  wary  diplomatist  is  to  master 
this  action  by  an  effort  of  volition ; the  aim  of  the  skilful  actor 
is  to  imitate  the  play  of  the  muscles  without  feeling  the  emotions 
which  he  seeks  to  represent;  accordingly,  few  men  ever  acquired 
such  control  over  the  play  of  the  features— such  power  of  re- 
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sisting  oi'  of  imitating  the  influence  of  emotion,  as  the  actor 
Garrick,  or  the  statesman  Talleyrand.  Existing,  then,  and 
showing  itself,  independent  of  volition,  weaker  or  stronger  in 
proportion  as  the  intellect  is  more  or  less  highly  cultivated,  this 
function  still  exists  in  the  greatest  philosopher,  even  as  it  does  in 
the  dog,  or,  still  lower,  in  the  humble  bee. 

The  centres  or  seats  of  the  powers  we  have  described  are 
located  certainly  in  the  brain.  Anatomy,  experiment,  disease,  all 
combine  to  prove  this  fact.  The  intellectual  faculties  are  pro- 
bably connected  with  the  grey  nervous  matter  forming  the  con- 
volutions of  the  cerebrum,  the  great  size  and  extent  of  this 
ganglion  requiring  it  to  assume  the  convoluted  form  to  allow  of 
its  being  readily  packed  in  the  limited  space  of  the  cranium. 
It  will  be  noticed,  no  doubt,  that  there  are  two  sets  of  convolu- 
tions, one  for  each  side  or  hemisphere — in  fact,  that  we  have,  so 
to  speak,  two  intellectual  brains  united  to  each  other  by  trans- 
verse commissures.  It  is  remarkable,  however,  that  perfect 
symmetry  of  the  convolutions  is  not  found  in  man,  and  espe- 
cially in  individuals  of  high  intellectual  powers;  in  fact,  the 
greater  the  mental  power,  the  less  symmetrical  are  the  convolu- 
tions. In  inferior  races,  on  the  other  hand,  the  symmetry  is 
exact. 

On  the  existence  of  two  brains  has  been  founded  the  hypo- 
thesis of  the  duality  of  the  mind.  The  existence  of  two  minds, 
however,  ought  no  more  to  be  inferred  Horn  the  anatomical  fact, 
than  that  we  have  two  visual  senses  because  we  have  two  eyes. 
In  fact,  as  in  the  eye,  the  stimulus  on  each  retina  develops  a 
corresponding  sensorial  impression,  and  from  the  connexion 
between  the  retinae,  as  well  as  between  the  centres  of  sensation, 
these  impressions  become  fused  into  one,  so  the  double  im- 
pressions received  upon  the  brain  are  so  united  in  their  action, 
that  they  act  upon  the  mind  as  one.  Still,  as  a disturbance  of 
the  relations  of  the  two  retina?  may  give  rise  to  the  phenomenon 
of  double  vision,  so  an  analogous  disturbance  in  the  relation 
between  the  two  brains  may  occasion  doubleness  of  mental  im- 
pressions and  actions.  This  may,  perhaps,  afford  an  explanation 
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of  certain  phenomena  we  occasionally  witness,  as  states  of 
double  consciousness,  delusions,  irregular  volitions,  and  some 
forms  of  insanity. 

Assigning,  then,  the  convolutions  of  the  cerebrum  as  the  seat 
of  the  intellect,  volition,  sensibility,  and  emotion  have  been 
supposed  to  be  located  more  especially  in  certain  collections  of 
grey  matter  placed  near  the  base  of  the  brain,  and  forming  the 
corpora  striata,  the  optic  thalami,  with  the  tubercula 
quadrigemina,  and  the  middle  part  of  the  brain  or  meso- 
cepliale.  The  cerebellum,  as  has  already  been  pointed  out, 
seems  more  especially  to  have  the  function  of  regulating  or 
co-ordinating  motions,  causing  the  various  muscles,  in  the 
numerous  complicated  actions  they  are  so  often  called  upon  to 
perform,  to  act  in  harmony  or  concert  with  each  other. 

5.  Independent  of  volition  and  sensation,  as  well  as  of 
emotion,  and  having  no  connexion  with  the  intellect,  we  find 
another  set  of  actions  constantly  at  work,  to  which  the  name  of 
reflex  or  excito  motory,  has  been  assigned.  Tor  our  knowledge 
of  these,  we  are  indebted  to  the  admirable  researches  and  acute 
intellect  of  Dr.  Marshall  Hall.  Here  an  impression  is  made 
upon  a nerve  distributed  to  some  surface  of  the  body — say  that 
you  gently  tickle  the  sole  of  the  foot — the  impression  is  con- 
veyed along  a nerve  to  some  nervous  centre,  in  this  instance  it 
would  be  to  the  spinal  cord ; some  change  is  induced  in  the  part 
of  the  centre  to  which  the  nerve  goes,  which  is  then  transmitted 
along  another  nerve  to  the  muscles  with  which  the  part  is  in 
relation,  and  these  muscles  are  induced  or  excited  to  act ; as  a 
consequence  of  the  tickling  the  sole  of  the  foot,  the  leg  is  drawn 
away,  or  ‘jumps.’ 

The  impression  conveyed  to  the  centre  is  not  necessarily 
attended  with  sensation : — the  impression  conveyed  from  the 
centre  to  the  muscles  is  not  dependent  on  volition.  It  is  true 
that  this  action  is  so  mixed  up  with  volition  and  sensation,  that 
in  health  we  are  apt  to  overlook  it ; disease,  however,  enables 
us  to  demonstrate  its  true  nature  most  conclusively. 

A man  breaks  his  back;  his  spinal  cord  is  torn  across. 
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completely  separated  from  the  brain : as  a consequence,  he  is 
completely  palsied  in  the  lower  half  of  his  body ; apply  a hot 
iron  to  his  feet,  he  does  not  feel  the  hum ; he  sees  the  hot  iron 
applied,  he  is  unable  to  withdraw  his  leg ; sensation  and  volition 
in  those  parts  have  been  entirely  destroyed.  Now  tickle  gentlvll 
the  sole  of  the  foot  with  a feather,  no  sensation  is  felt,  but  their 
leg  is  pulled  away,  or  ‘jumps though  the  man  by  the  whole! 
force  of  his  will  is  unable  to  move  the  limb  a hair's  breadth.  ||- 
Here,  then,  there  can  he  no  doubt  that  the  force  or  power  exists 
entirely  independent  of  sensation  or  volition. 

Were,  however,  this  power  only  to  be  called  into  play  on 
tickling  the  soles  of  the  feet,  after  having  first  broken  the  back, 
it  is  not  likely  that  it  would  ever  have  been  created.  We 
accordingly  find  it  constantly  in  action,  on  other  and  more  im- 
portant occasions.  It  presides,  in  fact,  over  those  indispensable 
vital  processes,  which,  if  suspended  for  a short  time,  as  they 
might  he  from  carelessness  or  forgetfulness  if  left  to  volition, 
would  prove  fatal  to  the  existence  of  the  being ; whilst  they  are 
unattended  with  sensation,  to  save  us  from  the  wearisomeness 
of  constantly  feeling  an  action  which  must  necessarily  go  on 
throughout  the  life  of  the  individual.  The  best  example,  the 
purest  according  to  Dr.  Marshall  Kail,  is  respiration  : we  know 
how  this  action  continues  to  go  on  during  sleep,  in  intoxication,  in 
coma ; the  impression  made  upon  the  nerves  distributed  to  the 
lungs,  conveyed  to  the  medulla  oblongata,  is  sufficient  in  itself 
at  once  to  set  the  numerous  muscles  at  work  by  which  the  lungs 
are  again  filled  with  fresh  air.  Other  examples  would  be, 
swallowing , as  soon  as  the  morsel  has  quitted  the  mouth,  wink- 
ing, sneezing,  coughing,  fye.  The  impression,  it  was  stated, 
was  in  itself,  unattended  with  sensation  : in  most  instances, 
however,  it  is  associated  with  sensibility,  and  that  even  of  a very 
acute  kind.  In  respiration,  for  example,  it  is  associated  with 
sensation  to  enable  us  to  regulate  or  modify  the  act  to  a certain 
extent,  and  so  conducing  to  the  production  of  vocal  sounds ; still 
it  is  independent  of  sensation,  for  it  goes  on  during  sleep  or 
apoplexy  when  sensibility  is  suspended  or  annihilated. 
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Sixth,  and  finally ; we  find  a nearly  separate  and  independent 
nervous  system,  consisting  of  nerves  and  centres,  presiding  over 
and  regulating  what  are  termed  the  organic  functions,  such  as 
digestion,  circulation,  &c.,  processes  which  are  not  usually  felt 
to  he  going  on,  and  which  are  not  under  the  control  of  the  will ; 
processes  which  we  can  neither  hasten  nor  prevent  by  any 
effort  of  volition  upon  our  part.  This  nervous  apparatus  is 
called  the  sympathetic  system. 

Though  we  can,  so  to  speak,  resolve  our  complicated  nervous 
system  in  the  manner  we  have  just  done,  we  must  not  suppose 
that  each  exists  in  a separate  or  isolate  condition ; a most 
intimate  union  exists  between  them  all — all  are  more  or  less 
controlled  or  regulated  by  one  another.  Even  the  last,  the 
sympathetic,  which  is  anatomically  and  functionally  the  most 
removed  from  the  rest,  is  still  connected  intimately  with  the 
others,  and  has  its  action  modified  by  them.  Digestion,  for 
instance,  usually  goes  on  unattended  with  sensation ; but  let 
anything  go  wrrong,  let  an  indigestible  morsel  be  taken  into  the 
stomach,  how  soon  we  become  aware  of  the  fact,  and  are  warned  to 
remove  it!  In  the  circulation,  too,  disease  affecting  the  organs 
concerned  is  often  attended  with  the  acutest  suffering.  Again, 
we  are  unable  by  volition  to  affect  the  heart’s  action,  to  alter 
the  digestion ; yet  these  processes  are  easily  influenced  by  the 
brain  and  spinal  cord : the  different  emotions,  it  is  well  known, 
will  alter  the  pulse,  a sudden  fright  will  give  rise  to  violent 
palpitation  of  the  heart;  and  so,  too,  with  the  other  organic 
processes, — anxiety  and  grief  will  impair  the  digestion,  fear  or 
terror  will  destroy  the  appetite. 

We  must  always  bear  in  mind,  then,  that  to  form  an  har- 
monious whole,  all  the  nervous  processes  are  intimately  con- 
nected, a controlling  or  modifying  action  mutually  exercised. 
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Chaptee  XI. 

THE  ORGANS  OF  SENSE. 

FIVE  senses  are  generally  attributed  to  the  most  perfect 
animals,  viz.,  sight,  smell,  taste,  touch,  and  hearing,  o: 
which  the  eye,  the  nose,  the  tongue  and  palate,  the  skin  ©i 
general  surface  of  the  body,  and  the  ear,  are  considered  the 
appropriate  organs.  Every  animal  possesses  one  or  more  o 
these  faculties,  which  enable  it  to  maintain  its  connexion  wit 
the  external  world,  and  deprived  of  which  it  would,  in  tact, 
cease  to  be  an  animal.  For  had  it  no  sensations,  it  would  want 
all  stimulus  to  action ; but  thought  and  motion  are  both  action 
and  would  both,  therefore,  be  extinct;  and  the  animal,  fixed  tc 
the  spot  and  incognizant  of  all  the  objects  by  which  it  was 
surrounded,  would  cease  to  be  an  animal, — it  would  be  a plant. 
On  the  contrary,  the  more  sensibility  an  animal  possesses,  the 
more  energetic  and  frequent  are  its  movements:  the  oyster, 
which  in  its  perceptions  is  extremely  limited,  scarcely  ever 
leaves  the  same  place,  its  movements  being  chiefly  confined  t< 
such  muscular  contractions  as  take  place  within  its  shell ; whiii 
the  bird,  endowed  with  sensibility  in  a high  degree,  is  alway 
in  action.  It  has  even  been  thought  that  the  same  distinction 
might  be  extended  to  man,  and  that  those  who  receive 
lively  impressions  from  their  senses,  exhibit  also  a greater  por- 
tion of  energy  and  activity;  the  modifying  causes,  however, 
become  here  so  extensive  and  numerous,  as  to  make  us  extremely 
cautious  how  we  admit  any  general  rules. 

Touch  is  the  most  generally  diffused  of  our  senses,  and  the 
most  generally  useful.  It  enables  us  to  acquire  notions  respect 
ing  the  figure,  size,  weight,  hardness  or  softness,  temperature, 
distance,  Ac.,  of  bodies,  and  the  great  number  of  different 
objects  to  which  it  can  be  directed  have  caused,  particularly  of 
late  years,  a pretty  general  impression  that  it  should  be  con' 
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sidered  rather  as  many  than  as  one  sense,  though  the  mode  in 
which  it  is  to  be  divided  seems  not  well  agreed  upon.  Sir 
Charles  Bell  particularly,  and  we  think  with  just  grounds, 
insists  on  the  necessity  of  distinguishing  a sense  of  muscular 
contraction,  or  what  he  terms,  ‘ a consciousness  of  the  state  or 
degree  of  action  of  the  muscles.’  That  we  possess  such  a sense, 

; is  evident,  from  our  feeling  the  effects  of  over-exertion  and 
weariness,  from  the  pain  which  is  excited  in  us  by  spasms, 

: which  are  nothing  more  than  the  sudden,  forcible,  and  invo- 
luntary contractions  of  muscles,  and  from  our  being  capable  of 
estimating  the  weight  of  a body  held  in  the  hand,  which  is 
- only  judging  of  the  quantity  of  muscular  exertion  necessary  to 

■ keep  it  from  falling,  by  its  own  gravity,  to  the  ground.  It  is 

: this  sense  also,  that  enables  us  to  regulate  all  our  positions  and 

motions,  which  are,  in  all  cases,  the  effects  of  muscular  con- 
i'-' traction ; so  that  it  applies  to  a group  of  objects  perfectly 
-■  uniform,  and  quite  distinct  from  the  operations  necessary  to 

■ • judge  of  temperature,  or  perceive  pain;  we  may,  therefore, 
» reasonably  admit,  that  it  is  a peculiar  sense,  and,  according  to 

Sir  Charles  Bell’s  theory,  is  therefore  ministered  to  by  peculiar 
nerves. 

It  is  true,  as  he  observes,  that  those  nerves,  in  almost  all 
ik  1 cases,  become  intimately  connected  with  the  nerves  of  common 
J>  sensibility  returning  from  the  skin,  so  as  to  render  their  anato- 
J mical  separation  difficult  or  even  impossible ; and  this  has  been, 
(J  doubtless,  one  reason  why  the  sense  of  pain  and  the  sense  of 
muscular  action,  though  evidently  so  distinct,  have  for  such  a 
long  time  been  united  under  the  common  name  of  touch  or 
sensibility.  Dr.  Bostock  proposes  very  nearly  the  same  dis- 
tinction, confining  the  term  touch  to  ‘ the  sense  of  resistance,’ 
and  treating  the  sensations  of  heat  and  cold,  of  hunger  and 
i thirst,  &c.  as  specifically  distinct.  M.  Magendie  uses  the  two 
distinct  terms  of  tact  and  touch,  which  chiefly  differ  in  this, 
that  in  exercising  the  former,  the  animal  is  passive,  hut  in  exer- 
ecising  the  latter,  active.  Thus,  if  while  we  are  looking  another 
way,  any  object  should  be  brought  into  contact  with  any  part 
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of  our  body,  we  are  sensible  that  such  contact  has  taken  place, 
and  we  have  notions  rather  general  and  indistinct  of  a few  ol 
the  qualities,  such  as  the  temperature  and  hardness  of  the  body 
this  is  tact.  But  if  we  see  a body,  and  wish  to  inform  our 
selves  respecting  its  weight,  figure,  consistence,  Ac.,  we  stretch 
out  the  hand,  feel  it,  examine  it  all  round,  or  attempt  to  rais 
it  up ; this  he  calls  touch.  The  former  then  is  involuntary,  the! 
latter  voluntary ; — the  former  is  diffused  over  the  entire  sur- 
face, and  even  seems  to  be  possessed  by  almost  every  organ 
the  latter  is  chiefly  exercised  by  a peculiar  and  appropriate 
organ,  as  the  hand  in  man,  the  tentacula  in  different  animals, 
&c. ; finally,  the  latter  may  not  inappropriately  be  considered 
as  the  perfection  of  the  former,  with  certain  additions,  for  touch 
includes  tact,  but  superadds  the  knowledge  of  muscular  con- 
tractions directed  by  the  will. 

M.  Adelon  proposes  a division,  which  may  appear  still  more  _ 
philosophical.  He  considers  that  all  the  senses  have  two  kinds 
of  functions ; one  immediate  or  primary,  the  other  auxiliary : 
thus,  the  eye  judges  of  light,  the  ear  of  sound ; these  are  their 
primary  or  immediate  functions,  and  in  the  performance  of  these, 
the  ear  receives  no  assistance  from  any  other  organ.  But  both 
the  eye  and  ear  can  assist  the  touch  in  judging  of  distance : and 
this  is  said  to  be  in  all  these  organs  an  auxiliary  function 
How  the  primary  function  of  the  sense  of  touch,  M.  Adelon  con- 
ceives to  be  the  judging  of  temperature.  It  is  certain  that,  by 
the  touch  (M.  Magendie’s  division  tact),  we  do  judge  of  tempe- 
rature, and  that  no  other  sense  would  enable  us  to  do  so.  We 
might  hear  and  see,  and  taste  and  smell,  as  we  do  now,  but,  with- 
out touch,  we  should  never  be  aware  of  the  existence  of  heat  and 
cold.  Furthermore,  the  sense  of  touch  is  always  exercised  in 
performing  this  function,  as  we  are  always  sensible  of  the  tempe- 
rature of  the  surrounding  atmosphere,  and  in  this  field  the  sense 
of  touch  acquires  its  greatest  extent,  as  it  not  only  enables  us  to 
judge  of  solids  and  liquids,  but  even  of  gases,  which  are  usually 
described  as  impalpable,  that  is,  imperceptible  by  the  touch. 
We  may,  therefore,  concludes  M.  Adelon,  admit  this  to  be  the 
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true  primary  function  of  this  sense,  while  the  others,  such  as 
judging  of  form,  weight,  size,  mobility,  distance,  &c.,  are  its 
secondary  or  auxiliary  functions,  those  in  which  it  assists  or  is 
assisted  by  the  other  senses. 

The  object  of  the  senses  being  to  make  us  acquainted  with 
the  qualities  of  foreign  bodies,  it  therefore  became  necessary,  as 
a primary  condition,  that  their  organs  should  he  placed  in  the 
surface  of  our  bodies ; an  internal  organ  could  not  maintain  an 
i external  communication,  save  through  the  medium  of  others.  A 
further  condition  we  may  also  notice  to  have  been  adhered  to  in 
their  structure ; they  must  consist  of  two  parts,  the  one  situated 

• : more  deeply,  consisting  of  the  expansion  of  a nerve,  in  direct 

communication  with  the  brain,  and  constituting,  as  it  were,  the 
more  immediately  vital  part  of  the  organ ; the  other  external, 
placed  on  the  surface,  meant  to  concentrate  or  modify  the 
external  impression  in  such  a way  as  to  adapt  it  to  the  peculiar 
sensibility  of  the  first  part,  and  itself  constructed  generally  more 
; in  accordance  with  the  laws  of  mechanics,  and  capable  of  being 
® i imitated  or  explained  on  their  principles.  The  most  beautiful 

* examples  of  this,  we  shall  presently  have  occasion  to  notice  in 

- the  eye  and  the  ear,  which  are  severally  the  expansion  of  the 
: optic  and  auditory  nerve  behind  a telescope  in  the  one  case,  an 

J*  ear-trumpet  in  the  other ; but  it  will  be  found  equally  applicable 
t*  to  the  organ  of  touch,  which  we  must  now  proceed  to  consider. 

The  whole  skin  is,  in  man,  an  organ  of  touch.  It  consists 
r essentially  of  two  distinct  layers,  the  dermis  or  true  skin,  which 
ft  is  internal,  and  the  epidermis  or  scarf-skin,  which  is  external. 


c 


The  former,  which  constitutes  the  immediate  and  proper  envelope 
ml  of  the  body,  is  formed  of  fine  pliant,  flexible  and  extensible 
lamina;,  closely  matted  together  and  perforated  by  innumerable 
exhalant  and  absorbent  vessels,  for  the  purpose  of  carrying  on 
the  perspiration  and  absorption  which  take  place  from  the  sur- 
Ace,  as  well  as  by  the  sentient  extremities  of  the  nerves,  which  a 
J .microscopic  inspection  shows  rising  through  it  in  minute  papilla; 
destined  to  exercise  the  sense  of  which  we  are  now  speaking. 
These,  therefore,  constitute  the  internal  part  of  the  organ ; but 
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were  they  directly  brought  into  contact  with  the  objects  of  whicl 
they  are  to  judge,  they  would,  from  their  extreme  sensibility 
give  us  scarce  any  other  perception  than  that  of  pain,  which  v< 
know  to  arise  when  any  sensation  is  earned  to  excess.  To  pre 
vent  this,  therefore,  the  external  part  of  the  organ  of  touch  L 
added,  viz.,  the  scarf-skin,  which  is  a fine  transparent  fiexibb 
envelope,  placed  over  the  entire  body,  completely  insensibb 
itself,  and  sufficiently  blunting  the  sensibility  of  the  nerves  o 
touch  by  interposing  its  thin  membranous  substance  betweei 
them  and  the  bodies  which  they  are  to  examine.  It  is  this  scarf 
skin  which  is  removed  by  the  application  of  a blister,  and  w< 
well  know  what  pain  then  results  from  the  simple  exposure  t< 
atmospheric  air  of  the  unprotected  papillae. 

The  uses,  then,  of  the  two  parts  of  this  organ,  are  perfectly] 
distinct,  and  they  have  this  peculiarity,  that  the  external  is  used  I 
to  diminish  the  force  of  the  impression  before  it  reaches  the  in  I 
ternal,  while  in  the  eye  and  ear  the  object  seems  to  be  to  concern! 
trate  and  increase.  Some  philosophers  have  started  the  idealT 
that  the  touch  is  to  be  looked  on  not  only  as  the  most  generally 
diffused  sense,  which  we  know  it  to  be,  but  as  the  common  sense 
the  parent  sense,  that  of  which  all  other  senses  are  but  modifica' 
tions ; and  certain  speculative  physiologists  have  transferred  th< 
idea  from  the  sense  to  its  organ,  and  assert,  that  all  other  organs 
are  merely  modifications  of  the  skin,  which,  as  we  have  shown,  is 
the  general  organ  of  touch.  As  long  as  we  confine  our  view  tc 
the  organs  of  smell  and  taste,  there  appears  even  much  pi  aw 
sibility  in  this  opinion,  as  we  have  already  shown  that  th< 
mucous  membrane,  which  lines  the  cavities  of  the  mouth  an< 
nose,  and  so  constitutes  the  external  part  of  these  organs,  may 
fairly  be  looked  on  as  a continuation  of  the  skin  endowed  with 
new  properties  suited  to  its  new  situation ; but  when  we  come  to 
consider  the  eye  and  ear,  the  theory  becomes  altogether  untenable ; ■ 
there  is  no  part  of  the  skin  with  which  they  bear  any  such 
analogy  as  to  entitle  us  to  consider  them  as  modifications  of  it, 
and  the  defenders  of  the  doctrine  can  here  invent  no  explanation 
more  feasible  than  that  which  arises  from  considering  these 
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•organs  respectively  as  the  perfect  development  of  the  bulb  of 
a hair  ! 

Besides  being  an  organ  of  touch,  the  skin  is  also  meant  to  be 
an  organ  of  protection : the  conditions  necessary  for  each  of 
these  ends  are  so  inconsistent,  that  the  one  can  only  be  per- 
fected at  the  expense  of  the  other ; and  as  delicate  sensibility  is 
■evidently  more  important  to  man  than  to  other  animals,  while 
these  latter,  being  deprived  of  the  resources  afforded  by  reason, 
are  more  dependent  on  their  structure  for  defence  against  external 
injury,  and  so  stand  more  in  need  of  shelter,  we  accordingly  find 
that  the  skin  is  best  adapted  in  man  to  answer  the  former  pur- 
pose, and  in  the  lower  animals  the  latter.  It  is  further  adapted 
for  this,  by  the  addition  of  fur,  bristles,  hair,  feathers,  crust, 
shell,  &c.,  all  of  which  must  evidently  diminish  its  utility  as  a 
•delicate  organ  of  tact.  When  the  latter  condition,  however,  be- 
comes again  requisite,  means  are  taken  to  ensure  its  presence, 
and  the  wide  membranous  wings  of  the  bat,  thickly  supplied  with 
nerves,  are  so  extremely  sensitive,  as  to  enable  it  by  this  means 
" alone,  even  when  its  eyes  are  put  out,  to  avoid  numerous  obsta- 
*■  •cles  placed  in  its  way.  But  the  perfection  of  this  sense  seems  to 
'■  be  situated  in  the  human  hand,  than  which  there  is  no  organ 
' more  beautifully  adapted  for  its  exercise.  Situated  at  the  ex- 
■ “tremity  of  a long  flexible  lever,  it  can  be  easily  applied  and  moved 
in  all  directions  round  the  object  to  be  examined ; composed  of 
' several  small  bones  (so  many  as  twenty-seven),  it  obtains  from 
: their  motions  on  each  other  a sufficient  degree  of  flexibility, 
which  becomes  much  increased  towards  the  end,  where  the 
division  into  separate  fingers  takes  place ; supplied  with  nerves 
-numerous  and  highly  sensitive,  supported,  particularly  towards 
the  ends  of  the  fingers,  by  a soft  pulpy  cushion,  which  enables 
them  to  be  applied  with  the  greatest  accuracy  and  effect,  while 
they  are  stimulated  and  excited  to  the  act  by  the  rush  of  blood 
to  the  fine  vascular  tissue  in  which  they  are  imbedded,  the  hand 
concentrates  in  itself  every  necessary  qualification  for  exercising 
this  sense  in  its  greatest  perfection,  and  must  enable  us  to  obtain 
| perceptions  far  excelling  in  accuracy  and  clearness  any  that  can 
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be  obtained  through  such  organs  as  the  lips,  the  paw,  the 
the  tentacula,  the  antenme,  or  the  barbels  by  the  lower  animal*. 

From  Touch  we  pass  by  an  easy  transition  to  Taste,  whirl 
in  fact,  is  by  many  considered  merely  a modification  of  th< 
former  sense;  nor  does  the  idea  seem  to  be  without  suffic'd) 
grounds  of  support.  As  it  was  necessary  that  some  sens 
should  be  bestowed  on  the  exterior  surface  of  our  bodies  t< 
give  warning  of  the  approach  of  any  injurious  or  noxious  sub 
stance,  so  would  it  appear  advisable  that  the  access  to  om 
internal,  or  alimentary  surface,  should,  in  like  manner,  Is 
guarded  by  its  peculiar  sense,  the  office  of  which  should  be  U 
examine  all  matters  which  were  to  come  in  contact  with  it 
and  refuse  to  admit  them,  if  their  sensible  qualities  appearei 
to  denote  that  such  contact  would  prove  deleterious.  Xou 
this  office  is  performed  by  the  sense  of  taste,  which  is  thus  tc 
our  internal  surface  what  touch  is  to  our  external  surfac 
guard  to  warn  it  against  such  contact  as,  if  prolonged,  might 
be  productive  of  injury.  This  analogy  is  further  borne  out  hy 
examining  the  anatomical  structure  of  the  tongue,  the  prim  i 
cipal  seat  of  this  sensation.  The  tongue,  like  many  other  parts 
of  the  frame,  has  more  than  one  function  to  perform:  and  a 
consideration  of  the  nature  of  these  functions  will,  in  general, 
be  found  the  best  guide  to  the  structure  of  the  part.  Thus,  in 
the  present  instance,  the  tongue  is  required  both  to  aid  in  the 
formation  of  speech,  and  to  constitute  the  principal  organ  of 
taste;  for  the  former  purpose  it  must  be  extremely  mobile, 
and  therefore  furnished  with  abundance  of  muscles ; for  the 
latter,  extremely  sensitive,  and  therefore  profusely  supplied 
with  nerves : both  these  conditions  are  complied  with.  Fur 
thermore,  as  these  nerves  are  to  constitute  an  organ  of  sense,  it 
will  be  necessary,  as  we  before  stated,  that  they  should  be  dis- 
tributed on  the  surface ; we  may  therefore  conclude  that  the 
muscles  must  occupy  the  lower  and  inner  parts  of  the  tongue, 
and  the  nerves  the  upper  and  superficial — this,  too,  is  the  ease- 
But  we  can  advance  another  step:  the  object  of  this  sense  is 
the  sapid  qmilities  of  bodies ; but  these  can  only  be  appreciated 
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when  in  a state  of  liquefaction  or  solution, — if  a perfectly  dry 
body  be  applied  to  a perfectly  dry  tongue,  there  is  only  a sense 
of  touch,  not  of  taste, — therefore  we  may  conclude,  that  the 
sentient  extremities  of  nerves  which  are  to  judge  of  the  taste 
of  bodies  will  be  covered  by  a fine  moist  membrane,  and  placed 
in  such  a situation  that  provision  for  constantly  maintaining  this 
moisture  shall  be  made ; and  a moment’s  consideration  of  the 
mouth  and  tongue,  with  their  mucous  and  salivary  glands,  will 
show  how  beautifully  and  successfully  every  one  of  these  condi- 
tions has  been  complied  with,  and  how  admirably  the  organ  is 
adapted  for  the  performance  of  its  important  duties. 

The  tongue  derives  its  nerves  from  no  less  than  three  sources ; 
and  this,  again,  is  a necessary  consequence  of  the  complexity  of 
its  functions.  The  sense  of  taste  seems  to  depend  partly  on 
the  branch  which  it  derives  from  the  fifth  pair,  and  as  other 
branches  of  this  same  pair  are  those  which  supply  the  general 
surface  of  the  face  with  its  sense  of  touch,  we  may  suppose  that 
the  sense  of  touch,  which  is  also  manifestly  possessed  by  the 
tongue,  would  be  connected  likewise  with  this  nerve.  It  has 
been  doubted  whether  the  fact  be  as  we  have  stated,  respecting 
the  sense  of  taste,  which  many  physiologists  were  inclined  to 
attribute  to  a peculiar  nerve  (the  ninth),  rather  than  allow  it  to 
be  a property  of  a branch  of  the  nerve  of  common  sensibility ; 
but  M.  Magendie’s  observations  seem  to  us  quite  decisive  on  this 
point ; when  the  trunk  of  the  fifth  pair  was  diseased  or  cut,  all 
sense  of  taste  was  lost ; ‘ Everything  I ate,’  said  a patient  of  his, 

labouring  under  this  affection,  ‘ seemed  to  me  to  be  earth, I 

felt  as  though  I were  eating  earth.’ 

For  motion,  the  tongue  is  supplied  with  the  ninth  pair  of 
nerves,  and  comparative  anatomy  indicates  this  to  be  their  ap- 
propriate office,  as  in  fishes,  in  which  the  tongue  no  longer 
moves  but  is  bound  down  to  the  floor  of  the  mouth— it  no 
longer  receives  this  pair  of  nerves.  A consideration  of  the 
anatomical  distribution  of  the  nerve  would  lead  to  the  same 
conclusion,  for  we  trace  it  entirely  to  the  various  muscles  of  the 
tongue.  We  find  a third  nerve  sent  to  the  tongue,  the  glosso- 
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pharyngeal,*  this  supplies  the  surface  of  the  tongue,  at  its  Lae 
part  only.  Now  as  the  sense  of  taste  is  undoubtedly  possess 
by  the  back  part  of  the  tongue,  we  may  fairly  assume  that  thi 
nerve  is  a nerve  of  taste.  There  is  some  reason  to  believe  that  i 
is  more  especially  concerned  in  the  appreciation  of  parti 
flavours;  bitter  things,  for  instance,  are  tasted  best  in  tl 
situation.  Another  function  which  this  nerve  would  probably 
possess  is,  to  give  rise  to  vomiting,  to  form  what  is  termed 
excitor  nerve  in  this  action ; it  is  well  known  that  if  we  tic1'1 
the  back  part  of  the  tongue  we  soon  become  sick. 

The  contrivance,  by  which  as  much  as  possible  of  the  sentient 
extremities  of  the  nerve  is  exposed  to  the  sapid  body,  is  simple1 
and  obvious.  The  surface  of  the  tongue  is  not  smooth,  but 
roughened  by  numerous  papillae,  in  which  the  nerves  terminate, 
and  which  rise  above  the  general  level.  By  this  means  the 
sapid  bod)r,  when  dissolved  in  the  saliva,  is  applied  not  only  to 
the  end,  but  all  round  the  extremity  of  the  nerve,  so  that  this 
latter  may  be  said  to  be  literally  soaked  in  the  substance  which  it 


is  intended  to  examine. 

Attempts  have  been  made  to  ascertain  to  what  peculiar  con- 
stitution or  formation  it  is  owing,  that  bodies  possess  different 
tastes.  Bellini  and  the  mechanical  school  endeavoured  to  explain 
it  by  the  form  of  the  atoms,  or  molecules,  of  which  the  body  was 
composed;  thus  they  supposed  that  if  these  were  round,  the 
body  would  be  sweet ; if  angular,  that  the  body  would  have  a 
sharp  pungent  taste.  This  mode  of  accounting  for  sensations, 
by  referring  them  to  physical  properties,  which  a moment’s 
reflection  will  show  they  resemble  only  in  name,  and  that  in 
consequence  of  the  imperfection  of  language,  is  now  justly 
and  universally  abandoned.  With  some  more  show  of  reason, 
others  were  inclined  to  attribute  the  sapidity  of  bodies  to  their 
chemical  composition ; but  this  was  only  shifting  the  difficulty, 
and  they  were  never  able  to  agree  amongst  themselves  to  which 


* Glotto-plian/nqeal,  supplying  the  tongue  and  pliarvnx;  from  y\<xrcm.  the 
tongue;  and Vapiryj,  the  pharynx,  or  top  of  the  gullet. 
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of  the  elements  of  bodies  they  should  suppose  this  sapid  principle 
to  be  attached.  Macquer  defined  sapidit3r  to  be  the  tendency  which 
a body  bas  to  combine  with  the  tongue ; and  Magendie  having 
observed  that  vinegar,  the  mineral  acids,  and  certain  salts,  pro- 
duce an  effect  on  the  epidermis,  or  investing  membrane  of  the 
tongue,  changing  it  to  yellow,  white,  &c.,  seems  inclined  to  adopt 
the  same  opinion  : ‘ perhaps,’  he  says,  ‘ to  this  sort  of  combina- 
tion may  be  attributed  the  different  kinds  of  impressions  made  by 
sapid  bodies,  as  well  a3  the  variable  duration  of  those  impres- 
sions.’ We  confess  we  have  no  conception  of  this  combination 
between  organized  and  unorganized  bodies ; we  can  see  how  the 
latter,  as  in  the  case  of  caustics,  may  destroy  the  former,  but 
that  a little  bit  of  our  tongue  becomes  united  with  everything 
we  taste,  which  is  the  doctrine  of  combination  put  into  plain 
English,  seems  to  us  so  extremely  improbable,  and,  at  the  same 
time,  affords  so  little  information  as  to  how  taste  takes  place, 
that  we  must  decline  receiving  it  until  some  better  proof  be 
offered.  For  our  parts,  we  frankly  confess  we  do  not  know  why 
one  body  has  taste  and  another  not ; we  look  on  sapidity  to  be  a 
quality  inherent  in  some  bodies  and  not  in  others ; but  of  the 
reason  for  this  difference  we  are  completely  ignorant,  nor  could 
any  one  determine,  a priori,  respecting  a new  body  which  was 
presented  to  him,  whether  it  should  have  taste  or  not.* 

We  have  now  considered  two  of  the  senses,  which  we  have 
found  occupied  chiefty  with  the  qualities  of  matter  existing  in 
masses  of  appreciable  bulk.  Thus  the  touch  is  principally 
occupied  with  solid  bodies,  of  which  it  estimates  the  weight, 
form,  cohesion,  and  other  properties  which  molecules  possess 
when  united  in  the  block : the  taste  requiring  their  liquefaction 


* ‘ Sweetness  and  bitterness,  like  acidity,  seem  to  depend  upon  no  particular 
principle,  but  to  be  regulated  by  the  state  oi  combination  in  which  the  same 
principles  exist  at  different  times.'— Sir  John  Mersehel.  As  the  state  of  combi- 
nation in  which  these  principles  do  exist  is  being  daily  more  and  more  referred  to 
electric  action,  it  is  possible  that  their  effect  upon  our  senses  may,  in  time,  be 
also  referred  to  the  same  cause.  When  the  positive  wire  of  a galvanic  pile  is 
applied  to  the  tip  of  the  tongue,  and  the  negative  wire  touches  some  other  part 
of  it,  an  acid  taste  is  caused ; when  the  piles  are  reversed,  the  taste  becomes 
alkaline. 
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may  be  said  to  judge  of  them  just  at  the  moment  when  about  to 
be  separated ; while  a third  sense,  the  smell,  to  which  we  now 
proceed,  appreciates  only  certain  odorous  molecules  after  they 
are  entirely  separated  from  the  mass,  and  conveyed,  as  it  were,  in 
a gaseous  solution,  to  strike  on  the  delicate  lining  membrane  of 
the  nose,  which  being  abundantly  supplied  with  nerves,  is  thus 
prepared  for  taking  cognizance  of  their  qualities.  Thus,  these 
three  senses  are  affected  by  actual  contact  of  the  body,  or  parts 
of  the  body,  which  they  examine,  and,  therefore,  present  still 
another  point  of  view  in  which  they  may  be  looked  on  as  touch 
and  its  modifications.  In  the  two  remaining  senses,  hearing  and 
sight,  no  such  contact  takes  place ; in  the  first  of  them,  it  is 
universally  admitted  that  no  part  of  the  vibrating  body  need  be 
in  any  way  brought  in  contact  with  the  ear,  in  order  to  the  pro- 
ducing of  sound,  the  vibratory  motion  communicated  to  the  air 
being  sufficient  for  this  purpose ; and,  in  the  second,  the  theory 
that  luminous  particles,  or  molecules,  are  shot  from  the  visible 
body  and  impinge  against  the  eye,  is  fast  falling  into  disrepute : 
and  the  uudulatory  theory,  supported  by  Herschel,  Brewster, 
Lardner,  and  most  of  the  mathematical  school,  is  now  generally 
adopted  in  its  stead.  Thus,  if  we  view  the  senses  in  the  fol- 
lowing order,  touch,  taste,  smell,  sight,  and  hearing,  we  find 
them  becoming,  as  it  were,  less  material,  less  occupied  with  the 
grosser  particles  of  bodies,  and  the  same  order  will  nearly  repre- 
sent the  extent  to  which  these  senses  are  found  diffused  through 
the  scale  of  animal  beings,  all  possessing  the  first,  and,  perhaps,  (I 
we  may  add,  the  second,  while  the  third,  fourth,  and  fifth,  are 
frequently  imperfect  or  deficient,  more  particularly  in  the  inver- 
tebrate tribes. 

The  smell  is  connected  by  so  many  links  with  the  taste,  that 
the  description  of  the  one  naturally  follows  that  of  the  other. 
Both  primarily  destined  to  inform  us  respecting  the  nature  and 
qualities  of  our  food,  they  are  both  situated  at  the  entrance  of  the 
alimentary  canal,  and  it  would  even  appear  as  though  the  one 
was  only  a more  refined  exercise  of  the  other : taste  informing  us 
of  the  qualities  of  bodies  when  dissolved  in  a liquid,  smell  when 
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in  a gaseous  or  volatile  form.  Even  this  distinction  does  not  ap- 
pear always  to  exist,  at  least  if  we  allow  the  faculty  of  smelling- 
to  fishes,  as  they  must  receive  the  odorous  particles  through  the 
medium  of  water,  not  of  air.  The  immediate  seat  of  this  sense  is 
generally  known  to  be  in  the  first  or  olfactory  pair  of  nerves, 
spread  out  in  the  nose  behind  a very  fine  membrane,  termed 
pituitary,  or,  from  its  discoverer,  Schneiderian ; and  we  thus 
perceive  that  this,  as  well  as  the  other  organs  of  sense,  presents 
the  two  parts  which  we  have  described,  as  necessary  to  tbeir  per- 
fection ; the  interior  or  vital,  which  serves  for  the  actual  exercise 
of  the  sense,  and  the  external  or  mechanical,  which  is  useful  for 
the  concentration  or  modification  of  the  impression.  ‘ The 
olfactory  apparatus,’  says  Magendie,  ‘ ought  to  be  represented  as 
a sort  of  sieve,  placed  in  the  passage  of  the  air  as  it  is  introduced 
into  the  chest,  and  intended  to  stop  every  foreign  body  that  may 
be  mixed  with  the  air,  especially  odours.’  To  enable  it  the  more 
perfectly  to  do  so,  it  is  lined  with  a membrane  of  extreme  fine- 
ness, yet  still  but  a reflexion  of  the  external  skin,  endowed  with 
the  power  of  constantly  secreting  a viscid  matter,  familiarly 
known  as  the  mucus  of  the  nose.  By  this  means  two  objects  are 
gained ; the  odorous  particles  are,  as  it  were,  arrested  in  their 
passage,  and  kept  for  some  time  in  contact  with  the  pituitary 
membrane,  and  this  latter  is  itself  preserved  moist  and  pliant, 
necessary  conditions  (as  in  the  case  of  the  tongue,  we  have 
already  shown)  to  enable  the  nerve  to  perform  its  proper  function. 
The  inside  of  the  nose  is  not  one  smooth  uniform  passage,  but  is 
divided,  in  the  first  place,  into  three  principal  passages,  termed 
the  superior,  middle,  and  inferior  meatus,  by  certain  extremely 
slender  bones,  which  project  from  its  sides,  fold  downwards  in 
somewhat  of  a rounded  form,  and  are  invested  by  the  lining 
membrane,  of  which  we  have  already  spoken,  and  which  thus  ac- 
quires an  increased  extent  of  surface.  This  will  be  best  under- 
stood from  a reference  to  the  subjoined  cut,  which  is  intended 
to  represent  the  nose,  divided  by  a vertical  section,  and  all  the 
right  part  removed,  so  as  to  admit  a free  inspection  of  the 
interior  of  the  left  nostril. 
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A,  B,  and  C ; inferior,  middle,  and  superior  Meatus. 

1.  First,  or  Olfactory  Nerves. 

5.  Fifth  pair  of  Nerves,  or  Nerves  of  common  Sensibility. 

But  there  is  a still  further  complexity;  for  the  air  passes 
from  the  two  superior  meatus  into  certain  cavities,  which  exist  : 
in  different  hones  of  the  head,  (chiefly  the  frontal,  {ethmoidal,  . 
and  superior  maxillary,)  and  are  lined  with  a continuation  of  this 
same  mucous  or  pituitary  membrane.  It  does  not,  however,  ap- 
pear that  any  branches  of  the  first  pair,  or  true  olfactory  nerves, 
can  be  traced  into  them,  and  accordingly  M.  Bicherand  found 
that,  in  a patient  in  whom  accident  had  formed  an  external 
opening  into  these  cells,  highly  perfumed  injections  could  be  in- 
troduced into  them  without  producing  any  sense  of  smell,  pro- 
vided the  return  into  the  upper  part  of  the  nostril  were  pre- 
vented. M.  Deschamps  made  a similar,  and,  we  think,  more 
satisfactory  experiment,  by  introducing  air,  strongly  impreg- 
nated with  the  vapour  of  camphor,  into  these  cavities,  as  he  here 
used  what  we  have  before  shown  to  be  the  appropriate  medium 
for  bringing  particles  in  contact  with  this  sense ; and  we  may 
even  be  permitted  to  doubt  whether  a man,  if  his  nostrils  were 
stopped  behind,  and  completely  filled  with  rose-water,  would 
have  any  perception  of  the  scent : divers,  we  know,  can  employ 
their  eyes  very  freely  under  water,  but  we  never  heard  of  their 
using  their  noses.  The  result,  however,  of  M.  Deschamps’  expe- 
riment, was  the  same  as  M.  Richerand’s : and  from  these  and 
other  observations,  it  seems  well  ascertained,  that  the  first  pair  of 
nerves  is  that  which  peculiarly  ministers  to  this  sense ; and  as  a 
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reference  to  our  plate  will  show  that  this  nerve  is  almost  entirety 
distributed  upon  the  pituitary  membrane  of  the  superior  meatus , 
it  must  be  there  chiefly  that  olfaction  takes  place ; consequently, 
when  people  wish  to  increase  the  power  of  smell,  we  observe 
them  close  the  mouth,  cause  all  the  ah'  they  inhale  to  enter 
through  the  nostrils,  and  furthermore,  by  narrowing  the  passage 
through  these,  increase  the  force  with  which  the  air  is  made  to 
impinge  against  then-  lining  membrane,  while  at  the  same  time 
they  give  it  an  upward  direction,  so  as  to  cause  it  to  reach  the 
part  more  peculiarly  destined  to  appreciate  its  odorous  contents. 
The  same  may  be  also  noticed  in  persons  taking  snuff,  who 
always  endeavour  to  draw  it  up  as  far  as  possible.  It  is  in  per- 
forming this  and  similar  offices  that  the  external  nose,  which  is 
itself  insensible  to  scents,  contributes  to  the  perfect  exercise  of 
the  faculty.  Persons  who  have  lost  this  organ,  smell  very  im- 
perfectly, or  not  at  all ; and  M.  Beclard  has  established  the 
interesting  fact,  that  such  persons  are  very  much  assisted  by  the 
use  of  an  artificial  nose,  or  simple  funnel-shaped  tube,  which 
may  serve  as  a conductor.  It  seems  not  a little  strange  that, 
with  the  knowledge  of  such  a fact  before  him,  M.  Magendie 
should  suggest  any  doubt  as  to  the  uses  of  this  part  in 
smelling. 

But,  in  addition  to  the  power  of  distinguishing  smells,  the 
pituitary  membrane  is  also  endowed  with  a sufficiently  acute 
share  of  common  sensibility ; for  the  purpose  of  bestowing  which, 
we  observe  it  is  supplied  with  some  branches  from  the  fifth, 
which  we  have  already  said  is  the  nerve  of  common  sensibility  for 
the  entire  head.  The  use  of  this  provision  is  extremely  obvious, 
as  it  at  once  informs  us  of  the  presence  of  any  irritating  matter 
on  the  surface  of  the  membrane,  and  warns  us  of  the  necessity  of 
attempting  its  removal.  Some  persons  have  thought  that  this 
office  might  have  been  performed  by  the  olfactory  nerve,  but  this 
evidently  could  only  be  the  case  when  the  offending  substance 
was  odorous;  and  Magendie  has  shown  that  when  the  fifth  pair 
was  cut  through,  even  the  strongest  stimulants  might  be  applied 
to  the  membrane,  without  producing  any  sense  of  uneasiness. 
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Indeed,  he  even  goes  so  far  as  to  say  that,  with  the  division  of 
the  fifth  pair,  the  sense  of  smell  completely  ceases,  while  the  effect 
is  not  so  complete  if,  the  fifth  pair  remaining,  the  olfactory 
nerves  are  destroyed ; whence  he  infers  that  the  former  are  ab- 
solutely necessary  to  enable  the  latter  to  perform  their  function. 
We  are  inclined,  however,  to  think  that  here  he  went  a little  too 
far,  in  his  anxiety  to  prove  the  fifth  the  nerve  of  all  the  senses ; 
he  seemed  to  assume,  that  because  an  animal  sneezed,  therefore 
it  smelled,  which  is  evidently  a false  assumption,  as  tickling  with 
a feather  will  produce  the  former  without  the  latter  effect : and, 
furthermore,  that  because  an  animal  did  not  sneeze,  or  withdraw 
its  head  from  strong  vapours,  such  as  ammonia  or  acetic  acid, 
therefore  it  did  not  smell ; a conclusion  equally  unfounded,  as  its 
withdrawing  its  head  would  be  the  result  of  pain,  and  pain 
would  appear  to  follow  the  undue  excitement,  not  of  the  olfactory 
nerves,  but  of  the  nerves  of  common  sensibility.  The  branches 
derived  from  the  fifth  pair  of  nerves  distributed  to  the  nose  are 
endowed  not  merely  with  common  sensibility,  they  are  also 
excitor  nerves  inducing  the  reflex  act  of  sneezing.  A person  not 
accustomed  to  take  snuff,  on  introducing  a pinch  into  his  nostrils, 
not  merely  smells  the  snuff,  not  merely  feels  that  it  is  there,  but, 
very  frequently,  he  is  obliged  to  sneeze.  He  may  try  all  he  can 
to  prevent  this  complex  muscular  action  from  taking  place,  but 
in  vain ; the  mere  stimulus  applied  to  the  nerve  is  sufficient 
to  cause  sneezing  to  take  place  independent  of,  in  spite  of  his 
volition.  Doctor  Breschet  relates  a very  interesting  case  of  a 
person  who  had  inherited  from  his  father  a great  obtuseness  or 
almost  total  deficiency  of  the  sense  of  smell.  He  was  perfectly 
incapable  of  distinguishing  a rose  from  the  carrion-flower  (Sla- 
pelia  liirsuta)  if  his  eyes  were  shut ; he  felt  no  inconvenience  from 
the  most  fetid  gases,  until  their  entrance  into  his  lungs  produced 
irritating  effects  there ; to  the  scent  of  snuff  he  was,  of  course, 
perfectly  insensible,  yet  lie  took  it,  was  capable,  by  its  effect  on 
his  pituitary  membrane,  of  discerning  between  coarse  and  fine, 
and  even  sneezed  very  readily,  if  the  snuff  happened  to  be  fresher 
or  more  pungent  than  usual.  In  this  case,  a more  perfect  ana- 
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lysis  was  made  than  could  he  effected  by  any  of  M.  Magendie’s 
experiments  on  living  animals ; the  functions  of  the  fifth  pair  were 
perfect,  of  the  first  almost  obliterated. 

The  two  remaining  senses,  sight  and  hearing,  have  been  so 
frequently  made  the  subject  of  popular  disquisition,  while  optics 
and  acoustics  have  become  so  much  a portion  of  general,  rather 
than  physiological,  science,  that  we  may  treat  them  with 
more  conciseness  than  their  importance  would  otherwise  have 
required ; our  object  being,  not  to  trench  on  subjects  already 
familiar  to  the  general  reader,  but  to  endeavour  to  introduce  to 
his  notice  those  parts  of  physiological  science  with  which,  from 
the  nature  of  the  works  in  which  they  appeared,  or  the  language 
in  which  they  were  enveloped,  he  has  hitherto  had  little  op- 
portunity or  inducement  to  become  acquainted.  It  is  necessary, 
however,  that  we  should  briefly  allude  to  a few  of  the  principal 
characteristics  of  light,  for  the  purpose  of  showing  more  clearly 
the  perfect  adaption  of  the  mechanical  part  of  the  organ  of  sight 
to  the  laws  by  which  it  is  governed. 

Light  comes  to  ns  from  the  sun,  and  other  luminous  bodies  : 
it  has  the  properties  of  always  moving  in  straight  lines,  where 
there  is  no  obstacle ; of  being  reflected,  and  so  making  bodies 
visible;  of  being  refracted  in  passing  through  certain  media; 
and  of  being  decomposed  by  means  of  a prism,  so  as  to  show 
that,  though  in  its  ordinary  state  colourless,  it  is  yet  the  cause 
of  every  varying  shade  and 
tint  in  the  countless  objects 
by  which  we  are  surrounded. 

Of  these  properties,  refrac- 
tion is  the  most  important, 
as  on  it  the  whole  mechanism 
of  vision  may  be  in  a manner 
said  to  depend.  It  only  takes 
place  in  transparent  bodies, 
that  is,  such  bodies  as  permit 
the  rays  of  light  to  pass 
through  them,  and  even  these  fail  to  refract,  if  the  ray  come  hi 
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a direction  perpendicular  to  their  surface.  Suppose,  for  instance, 
that  abed  were  a piece  of  glass,  or  any  other  transparent  sub- 
stance, having  a density  greater  than  atmospheric  air : a ray  of 
light,  p,  falling  on  it  in  a perpendicular  direction,  will  traverse 
it  to  p',  in  a perfectly  straight  line,  and  without  suffering  the 
least  deflection  in  its  course.  But,  should  the  raj-  come  in  a 
slanting  or  oblique  direction,  as  from  s,  it  will  no  longer  con- 
tinue in  the  direct  line  s s',  but  will,  as  soon  as  it  meets  the 
surface  at  i,  he  refracted,  that  is,  bent  from  its  own  proper 
course,  and  made  to  assume  a direction,  i e,  nearer  the  perpen- 
dicular p p',  than  its  own  proper  direction,  i s.  In  this  direc- 
tion it  will  traverse  the  body  of  the  glass,  hut,  on  leaving  it,  at 
the  point  e,  will,  a second  time,  he  refracted ; this  time,  how- 
ever, it  will  be  bent  away  from  the  perpendicular,  exactly  as 
much  as  it  was  before  bent  towards  it,  so  that  when  the  glass 
has  its  opposite  sides  parallel,  the  continued  course  of  this  ray, 
e x,  after  having  passed  through  the  glass,  and  again  emerged  into 
air,  will  be  exactly  parallel  with  its  former  line  of  direction,  and 
will  just  have  the  same  effect  as  if  the  ray  had  been  moved  a 
little  to  one  side,  or  would  appear  to  a spectator  at  x,  as  if  it 
had  originated,  not  at  s,  but  at  How  the  angle,  s i p,  which 
the  slanting  ray  makes,  with  a perpendicular  drawn  to  the  point 
i,  at  which  it  meets  the  surface  of  the  glass,  is  termed  the  angle 
of  incidence ; and  the  angle  e i p' , which  the  broken  ray  makes, 
with  the  same  perpendicular  continued,  is  the  angle  of  refraction ; 
and  it  has  been  ascertained  that  the  proportion  which  the  sines 
of  these  angles  bear  to  each  other,  is  always  the  same  when  the 
refraction  is  made  by  a body  of  the  same  nature.  Thus,  when 
the  refraction  takes  place  from  air  into  water,  the  angle  of  in- 
cidence is  invariably  about  one-third  greater  than  the  angle  of 
refraction ; if,  therefore,  the  refractive  power  of  atmospheric  air 
be  taken  as  unity,  or  i,  that  of  water  will  be  represented  by 
i-§.  Estimating  in  the  same  manner,  that  of  common  glass  will 


be  t-2,  and  that  of  diamond  2-i. 


These  laws  are  invariable,  but  we  may  alter  some  of  the  con- 
ditions of  the  experiment,  and  consider  how  this  will  affect  the 
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ray.  Suppose,  then,  that  in  place  of  the  parallelogram  ab  c d, 
we  allow  the  ray  s to  fall  on  one  side  of  the  triangular  glass 
prism  m 11  r,  it  will,  by  the 
law  laid  down,  be  refracted 
into  the  line  o c,  approach- 
ing o p,  the  perpendicular 
to  the  surface  n r.  Arrived 
at  c,  it  will  he  again  re- 
fracted, but  as  it  is  now 
passing  from  glass  to  air,  the  refraction  will  be  away  from  the 
perpendicular  c p' , so  that  we  shall  have  nothing  like  the 
parallelism  which,  in  the  former  case,  existed  between  the  in- 
cident and  refracted  ray,  but  s o will  have  assumed  the  doubly 
bent  direction  s o c s'.  This,  at  least,  would  be  the  case,  were  a 
ray  of  light  perfectly  simple,  but  this  very  experiment  has 
served  to  demonstrate  its  compound  nature,  and,  at  the  same 
time,  let  us  into  the  secret  of  the  origin  of  colours.  For  the 
several  parts  of  which  it  is  composed  have  not  the  same  capa- 
bility of  suffering  flexure,  they  would,  therefore,  arrange  them- 
selves on  a screen,  or  wall,  according  to  this  capability ; and  we 
all  know  that  a ray  of  solar  light, 
s,  is  broken  by  a prism  into 
several  distinct  rays,  forming 
what  is  usually  termed  the  solar 
spectrum , in  which  the  red  ray, 
v,  as  being  the  least  refrangible, 
is  always  found  at  the  bottom, 
and  the  violet  ray,  v,  as  being  most  refrangible,  at  the  top. 

If  we  now  proceed  to  consider,  not  a single  ray,  but  a pencil 
of  rays,  that  is  any  number  of  rays  diverging  from  one  point, 
such  a pencil  would  have  its  divergence  in  some  measure  checked 
by  such  a parallelogram  as  we  first  represented.  For  let 
u be  the  object  from  which  the  central  ray,  a p,  is  directly 
perpendicular  to  x z,  the  surface  of  the  refracting  body,  while 
its  lateral  rays  meet  it  with  an  obliquity  constantly  increas- 
ing,  and  are,  therefore,  more  powerfully  refracted  in  propor- 
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tion  as  their  divergence  is 
greater.  This  refraction,  how- 
ever, is  merely  sufficient  to  pre- 
vent or  diminish  divergence ; it 
cannot  produce  convergence,tha.t 
is,  make  them  all  tend  again! 
to  one  central  point.  This, 
however,  may  be  managed,  for 
though  you  cannot  alter  the  direction  of  the  rays,  you  cam 
alter  the  direction  of  the  surface  on  which  they  fall,  and,  as  it 
is  with  reference  to  the  perpendicular  erected  on  this  surface: 
that  they  are  bent,  you  can,  consequently,  by  increasing  thei 
u obliquity,  increase  this  bend- 

ing. Thus,  if  x z,  in  place  of 
being  a plane  surface,  is  bent 
away  from  the  object  a,  so  as 
to  form  as  many  distinct  faces 
as  there  are  rays,  it  is  evident 
the  obliquity  with  which  these 
rays  meet  it  is  thereby  very 
much  increased,  and  so  also 
will  be  the  force  with  which 
they  are  refracted,  insomuch  that  they  will  be  completely  bent 
in,  so  as  again  to  meet  the  continuation  of  the  perpendicular, 
a p,  in  some  part  of  its  course,  how,  as  the  object,  a , was 
originally  seen  only  by  the  rays  reflected  from  it  and  entering 
the  eye,  it  is  evident  that,  if  we  could  make  all  these  rays, 
after  leaving  it,  once  more  converge  at  a common  point,  an. 
image  of  the  object  would  be  formed  at  that  point,  which  should 
be  visible  if  received  on  a screen  or  other  body  interposed  for 
the  purpose.  But  experience  shows  that  this  may  be  done  by  a 
lens,  that  is,  a refracting  body,  the  surface  of  which  constitutes 
part  of  a sphere,  and  which,  therefore,  may  be  considered  as 
merely  a polygonal  figure  like  the  above,  except  that  the  sides 
have  become  infinitely  small  and  numerous.  If.  then,  a pencil 
of  rays  fall  on  such  a surface,  the  central  ray  will  pass  in  an 
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unchanged  direction  (the  line  drawn  through  the  centre  of  a 
circle  being  always  perpendicular  to  its  surface),  but  all  the 
rays  on  each  side  will  be  bent  towards  this  perpendicular,  and 
that  in  such  proportions  that  they  shall  all  ultimately  meet  it 
precisely  at  the  same  point.  This  point  is  termed  the  focus, 
and  it  will  be  more  or  less  remote,  according  to  the  nature  and 
form  of  the  lens,  and  the  direction  in  which  the  rays  meet  its 
surface. 


i 


monly  used,  and  termed  the  double  convex;  we  also  see  how 
all  the  rays  from  any  point,  a,  of  which  the  central  ray  is  per- 
pendicular to  the  surface  of  the  lens,  are  made  to  converge  at 
the  point  a',  and  those  from  x at  the  point  x',  so  that  these 
points  would  be  accurately  represented.  If,  therefore,  these 
points  existed  in  the  surface  of  any  extended  body,  a represen- 
tation not  only  of  them,  but  of  all  other  points  in  the  same 
surface,  would  be  found  at  the  other  side  of  the  lens,  in  the 
place  we  have  indicated  as  the  focus,  that  is,  a picture  of  the 


body  would  be  formed  at  this  situation.  Thus,  if  in  the  only 
aperture  leading  into  a darkened  room,  you  insert  a lens,  l m, 
the  pencil  ol  rays  frem  each  point  of  an  object  placed  without, 
such  us  an  arrow,  will,  in  their  passage  through  the  lens,  be 
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made  to  converge,  so  as  to  meet  their  central  ray  at  the  focal 
distance;  here,  therefore,  an  image  of  the  object  will  he  formed, || 
but  uniformly  inverted,  as  we  see  above.  This  is  the  whole!  ' 
principle  of  the  camera  obscura;  it  is  also  the  principle  of  the  II: 
refractive  parts  of  the  eye,  to  the  consideration  of  which  we  may  I 
now  proceed. 

The  eye,  like  all  other  organs,  is  composed  of  an  internal  I 
vital  part,  the  optic  nerve,  and  an  external  mechanical  part,  1 . 
the  general  globe  of  the  eye,  or  eyeball,  which  is  so  constructed  I r 
as  to  be  suited  for  maintaining  a communication  with  external  | : 
objects.  The  anatomical  situation  of  these  parts  is  very  easily  I z 
learned,  and  will  be  readily  understood  from  the  accompanying  . 
cut,  which  is  supposed  to  represent  a vertical  section  of  the  eye. 
Here  we  notice,  in  the  first  place,  the  general  case,  or  investment 
of  the  eye,  which  is  made  by  a thick  opaque  strong  membrane,  • 
evidently  intended  to  protect  the  delicate  parts  within,  as  well  • 
as  to  afford  attachment  to  the  muscles  by  which  the  organ  is  I; 
moved.  This  coat,  s s,  is  termed  the  sclerotic,  from  its  hard-  L 
ness,*  and,  being  imperviable  to  light,  it  places  the  chamber  of 
the  eye  just  in  the  situation  of  the  room  we  mentioned  above,  j 
s For  this  sclerotic  is  not  1 

continued  all  round,  hut  has  t 
an  aperture  cut  in  the  front,  j.- 
from  c to  C,  in  which  aper-  L 
ture  is  inserted  the  cornea , !: 
that  beautiful  lustrous  trails-  ■ 
parent  part  in  front  of  the  I 
eye,  which  serves  to  admit  k. 
light  into  the  darkened  ehani- 
s her,  and  through  which  alone  |. 

all  the  rays  coming  from  external  objects  can  find  admission. 
But  were  this  aperture  entirely  open,  too  many  pencils  of  rays 
would  enter  the  chamber,  and  so  interfere  with  one  another, 
that  no  distinct  picture  could  be  formed,  as  we  know  would  also 


From  hard. 


ORGANS  OF  SENSE. 


373 


be  the  case  in  the  darkened  room,  if  in  place  of  a small  aperture 
the  entire  window  were  thrown  open.  To  remedy  this  in  the 
room,  the  shutters  are  closed,  and  a small  hole  made  in  them ; 
in  the  eye  an  exactly  similar  provision  occurs,  a screen,  I I, 
termed  the  iris,  is  hung  across,  and  a small  aperture,  p,  named 
the  pupil,  left  in  the  centre.  Still  the  apparatus  is  not  com- 
plete : it  is  true  that,  under  such  circumstances,  a picture  of 
an  external  object  would  be  formed  both  in  the  room  and  the 
eye;  but  we  have  already  shown  that  the  pencils  of  rays 
from  each  point  uniformly  diverge ; we  therefore  place  a glass 
lens  in  the  aperture  of  the  window-shutter,  because  reason 
and  experience  both  evince  its  utility,  and  we  find  that  a lens, 
1,  superior  to  any  glass  lens,  has  been  placed  just  behind  the 
pupil  of  our  eye,  so  admirably  arranged  by  a gradual  diminu- 
tion of  its  refractive  power  towards  the  edges,  that  even  the 
ray  which  reaches  it  most  obliquely,  is  just  so  far  refracted  as 
to  ensure  its  coming  to  the  same  focus  with  those  nearest  the 
perpendicular.  < 

So  far  the  resemblance  is  very  striking,  but  here  it  ceases. 
In  both  cases  a picture  is  formed  by  the  refraction  of  the  rays 
of  light  coming  from  the  external  object ; hut  in  the  room,  the 
picture  falls  on  a screen  or  a wall,  and  there  is  no  result ; in  the 
eye  it  falls  on  a living  sentient  screen,  and  vision  is  immedi- 
ately produced.  This  screen  is  the  retina,  which  we  have 
indicated  by  a fine  dotted  line  within  the  sclerotic,  and  which 
is  nothing  more  than  the  sentient  extremity  of  N,  the  optic 
nerve,  which  we  see  behind,  coining  from  the  brain,  and  which 
here  expands  into  a membrane,  beautifully  fine  and  almost 
transparent.  Tliis  last  property  would  have  the  effect  of  again 
permitting  the  rays  of  light  to  disperse,  after  they  had  been 
collected  at  a focus,  were  it  not  for  the  choroid,  the  third  coat 
of  the  eye,  which  we  see  marked  by  a fine  line  interposed  be- 
tween the  sclerotic  and  the  retina,  and  which  constantly 
secretes  a quantity  of  dark  colouring  matter,  that  serves  to 
render  the  retina  opaque,  and  absorb  all  the  light  that  may 
traverse  its  substance.  It  is  this  dark  colouring  matter  that, 


374 


OEGANS  OF  SEXSE. 


seen  through  the  aperture  of  the  pupil,  always  makes  that! 
appear  black:  Albinoes,  that  is,  persons  in  whom  the  colouring  I: 
matter  is  wanting,  are  said  to  have  red  eyes,  because  the  tint  . 
given  by  the  numerous  blood-vessels  of  this  coat  is  then  evident 
The  same  fact  is  of  constant  occurrence  in  white  rabbits,  white 
ferrets  (the  term  ferret-eyed  has,  in  fact,  become  proverbial  for 
the  appearance),  and  other  animals  in  whom  there  is  a deficiency 
of  colouring  matter  as  evinced  by  the  whiteness  of  their  hair 
and  skin.  The  colour  of  the  eye,  however,  is  ordinarily  esti- 
mated  by  that  of  the  iris,  for  we  find  colouring  matter  of  various  ; 
tints,  interspersed  among  the  fibres  of  which  the  iris  consists ; 
.moreover,  a large  quantity  of  black  matter,  termed  urea,  is 
spread  on  its  posterior  surface  so  as  to  prevent  any  rays  of  light 
from  insinuating  themselves  between  the  fibres.  The  iris  is 
supplied  with  two  sets  of  fibres,  the  one  circular,  which  serve  tc 
contract,  the  other  radiating,  which  serve  to  dilate,  the  pupil 
Whether  these  fibres  are  muscular  or  not,  has  been  much  dis- 
puted ; but  as  to  the  power,  there  is  no  question.  Any  one 
may  convince  himself  of  it  by  closing  his  eyes  before  a looking-  - 
glass,  and  then  suddenly  opening  them,  so  as  to  let  the  light 
fall  full  on  them,  when  he  will  perceive  the  pupil  which  had 
dilated  when  the  eye  was  shut,  now  contracting  with  more  or 
less  rapidity,  according  to  the  intensity  of  the  light.  And  this 
experiment  will  also  show  him  the  object  of  the  contraction, 
which  is  to  regulate  the  quantity  of  light  admitted  into  the  back 
of  the  eye,  and  which,  if  too  great,  would  injure  the  retina ; so 
that  the  iris  has  a double  function  to  perform;  the  one  as 
regards  the  quantity  of  light  necessary  to  form  a distinct 
image, — this  is  mechanical,  and  common  to  it  with  the  hole  in 
the  shutter ; the  other,  as  regards  the  degree  of  brightness 
tolerable  by  the  expanded  nerve,  and  this  is  vital,  or,  at  least, 
under  the  immediate  direction  of  a vital  principle. 

To  conclude  our  anatomical  view  of  the  eye,  it  is  merely 
necessary  to  add  that  it  contains  three  distinct  humours;  i,  the 
aqueous,  which  is  found  immediately  inside  the  cornea,  occupy- 
ing all  the  space  between  it  and  the  lens,  so  that  the  iris  may  be 
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said  to  hang  floating  in  this  humour ; 2,  the  crystalline  humour, 
which  seems  scarcely  to  deserve  the  name,  as  it  is  a solid  trans- 
parent substance,  in  fact,  the  body  of  the  lens,  but  contained  in 
a capsule ; and  3,  the  vitreous  humour,  so  called  from  its  like- 
ness to  melted  glass,  and  which  occupies  all  that  large  space 
posterior  to  the  lens,  not  less  than  three-fourths  of  the  entire 
eyeball.  These  humours  are  of  different  degrees  of  density,  all, 
however,  greater  than  that  of  water,  and  therefore  contribute  in 
different  degrees  to  the  proper  refraction  and  convergence  of  the 
rays  of  light  necessary  to  produce  a distinct  image.  The  aqueous 
humour  seems  also  of  use  in  producing  that  bulging  out  of  the 
cornea,  whereby  its  anterior  surface  is  made  a segment  of  a circle, 
and  therefore  endowed  with  the  properties  of  a lens.  Its  quantity 
in  the  adult  is  said  to  amount  to  about  five  grains,  and,  as  may 
be  observed  in  our  diagram,  it  is  contained  in  two  chambers 
partially  separated  by  the  iris,  but  communicating  through  the 
pupil ; the  posterior,  which  is  very  narrow,  containing  only  about 
one-fourth,  and  the  anterior  three-fourths  of  the  whole.  This 
was  best  shown  by  M.  Petit’s  experiment  of  freezing  an  eye,  and 
then  cutting  it  open,  when  the  plate  of  ice  in  the  posterior 
chamber  -was  found  to  be  extremely  thin. 

This  is  as  much  as  we  can  say  respecting  the  refracting  part 
of  the  eye ; but  we  must  add  a few  words  respecting  its  more 
immediately  vital  and  sentient  part,  which  we  have  already  said  is 
formed  by  the  retina  or  net-like*  expansion  of  the  optic  nerve. 
This,  we  may  perceive,  is  spread  out  immediately  behind  the 
vitreous  humour,  and  embracing  it  like  a capsule  so  as  imme- 
diately to  receive  the  rays  that  have  traversed  it,  and  by  its 
refracting  power  been  finally  brought  to  a focus.  As  soon  as 
their  image  is  formed  on  the  retina,  the  brain  is  informed  of  it 
through  the  medium  of  the  optic  nerve,  and  perception  takes 
place;  if  the  optic  nerve  be  cut,  there  is  no  communication  with 
the  brain ,— no  perception,— and  though  refraction  takes  place, 
-and  the  image  is  formed  as  perfectly  as  ever,  the  eye  is  thoroughly 
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and  permanently  Llind.  There  is,  however,  one  point  of  tliell 
retina  on  which  light  may  fall  without  producing  any  percept  ion  ,11 
and  it  will,  at  first,  appear  strange  that  that  point  is  found  toll 
correspond  exactly  with  the  entrance  of  the  optic  nerve.  The®' 
discovery  was  made  hy  the  Abbe  Mariotte ; and  the  conclusion 
which  he  attempted  to  draw  from  it  was,  that  the  true  seat  of 
vision  was  not  in  the  retina  and  the  optic  nerve,  but  in  the 
choroid,  which  a reference  to  our  figure  will  show  to  be  wanting 
at  this  identical  spot.  The  argument,  however,  is  invalid,  as  we 
know  that  nerves  perceive  not  by  the  stumps  or  trunks,  but  by 
their  line  extremities : now,  when  a picture  (as  in  the  case  of 
vision,)  is  to  be  formed  on  these  extremities,  it  is  necessary  they 
should  be  expanded  into  a surface  to  receive  the  picture ; but 
this  expansion/ does  not  take  place  precisely  in  the  optic  nerve 
itself,  but  on  each  side  of  the  point  where  it  enters.  The  fact, 
however,  is  undoubted,  though  we  have  shown  that  M.  Mariotte’s  \ 
conclusion  was  erroneous  ; it  therefore  becomes  necessary  to  con- 
sider how  this  insentient  point  is  so  placed  as  not  to  interfere 
with  our  vision  of  objects.  And,  in  the  first  place,  we  perceive 
that  it  is  taken  out  of  the  direct  axis  of  vision,— that  line  in 
which  vision  can  be  most  advantageously  performed,  and  which  • 

is  indicated  by  a right  line,  a x,  drawn 
through  the  centre  of  the  cornea, 
pupil,  and  lens.  This  is  the  line  in 
which  we  attempt  to  bring  all  objects 
that  we  wish  to  see  distinctly ; and 
it  is  to  enable  us  to  do  this,  that  the  < 
eyes  are  endowed  with  such  a facility 
of  motion,  as  were  they  completely 
fixed  in  their  sockets,  oblique  objects 
would  be  seen  very  imperfectly,  or 
not  at  all,  without  the  trouble  of 
turning  the  entire  head  or  body. 
Still,  if  the  object  be  somewhat  prolonged,  we  see  that  a ray  from 
some  point  of  it,  as  r,  must  strike  on  the  insentient  part  of  the 
eve,  while  the  axis  is  directed  fairly  towards  the  centre  of  the 
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object,  so  that,  did  the  entrance  of  the  optic  nerve,  in  each  eye, 
receive,  at  the  same  moment,  the  rays  coming  from  the  same 
point,  that  point  would  be  invisible.  This,  however,  is  guarded 
against  effectually  by  the  circumstance  that  the  entrance  of  the 
optic  nerve  takes  place  at  a different  side  of  the  axis  of  vision,  in 
each  eye  (that  is,  as  seen  in  the  cut,  to  the  left  of  it  in  the  right 
eye,  b,  to  the  right  of  it  in  the  left  ejrn,  l)  ; but  the  rays  coming 
from  any  object,  must  always  strike  the  retina  of  each  eye  on  the 


same  side  of  the  axis ; therefore,  as  seen  in  the  cut,  when  any 
object  is  so  situated  as  to  be  opposite  the  insentient  part  of  the 
left  eye,  it  is  sure  to  be  opposite  a sentient  part  of  the 
right.  As  this  insentient  part,  however,  is  very  small,  it  more 
frequently  happens  that  every  ray,  from  every  point  of  an  object, 
strikes  at  the  same  time  on  a sentient  part  of  both  eyes.  In  this 
case,  two  distinct  pictures  of  the  object  are  produced,  yet  we 
know  that  we  see  the  object  but  as  one.  How  is  this  to  be 
explained  ? M.  Dufour  took  the  easy  method  of  denying  that  we 
do  see  the  two  pictures  at  once : the  mind,  he  said,  only  took 
notice  of  one  at  a time,  though  it  might  change  with  great 
rapidity  from  one  to  the  other.  This  theory  is  refuted  by  a fact 
within  everybody’s  knowledge  : if  you  look  with  one  eye  at  an 
object,  placed  between  you  and  any  screen  or  wall,  and  then  with 
the  other  eye,  the  object  appears  to  occupy  different  positions  on 
the  wall.  Now  open  both  eyes,  and  the  object  will  no  longer 
appear  in  either  of  the  positions  previously  observed,  but  in  a 
position  between  them  both  : it  is  evident,  then,  that  wo  are  not 
attending  to  the  impression  on  either  eye,  but  to  the  result  of 
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the  impressions  on  both  eyes.  The  impression,  in  fact,  received 
by  each  eye  is  communicated  to  the  brain,  and  it  is  only  here 
that  they  are  combined  into  one.  The  eyes  being  moved  in 
concert  by  the  muscles,  the  images  are  received  on  correspond- 
ing points  of  the  two  retinae,  and  single  vision  is  produced.  If 
the  images  do  not  fall  upon  symmetrically  disposed  parts  of  the 
retinae,  double  impressions  are  received,  double  vision  is  induced ; 
in  drunkenness,  for  example,  the  consensual  action  of  the  muscles 
of  the  eyeballs  is  lost,  and  so  double  vision  is  frequently  a con- 
sequence of  this  condition ; we  know  that  intoxication  ‘ dat 
numerum  lucernis,’  makes  men  see  double.  The  image  received 
by  each  eye  would  not  he  exactly  the  same ; from  their  position 
the  two  eyes  are  fitted  to  receive  on  their  retinae  different  per- 
spectives of  the  object;  these  two  images  are  combined  by  the 
mind  into  one,  unlike  either  of  the  separate  perspective,  in  full 
relief  or  intaglio,  as  the  case  may  be.  It  is,  then,  by  means  of 
the  combined  action  of  the  two  eyes  that  we  are  enabled  to  per- 
ceive the  three  dimensions  of  objects ; then-  height,  their  breadth, 
their  thickness.  This  fact  is  conclusively  demonstrated  by  Mr. 
Wheatstone’s  beautiful  little  instrument,  the  stereoscope,  the 
use  and  application  of  which  are  now  too  universally  known 
to  require  description. 

In  persons  who  squint  habitually  there  is  not  double  vision, 
for  the  habit  generally  results  from  an  inequality  in  the  power 
of  the  two  eyes : that  which  was  weaker,  therefore,  is  turned 
awry  not  to  interfere  with  the  more  distinct  impressions  re- 
ceived from  the  other,  and  by  degrees  the  habit  is  acquired  of 
attending  solely  to  those  latter,  so  that  but  one  object  is  seen. 

There  remains  another  point  to  be  explained : on  reference  to 
the  image  produced  by  the  glass  lens,  it  will  be  found  to  be 
inverted;  the  same  effect  must  be  produced  by  the  lens  ot  the 
eye  : how  then  do  we  see  objects  erect?  One  explanation  offeree, 
of  this  has  been  Sir  Charles  Bell’s,  that  it  is  due  to  the  mus- 
cular sense  excited  in  the  muscles  of  the  eyeball.  Vf  e have 
already  stated  that  he  has  distinguished  from  general  sensibility 
a perception  of  the  state  of  muscular  action  or  relaxation,  which 
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he  has,  with  much  reason,  described  as  a separate  sense.  Now 
the  eye  is  directed  towards  objects  by  means  of  four  muscles,  by 
which  it  is  surrounded,  and  which  are  inserted,  as  we  see,  into 


its  cardinal  points.  If  we  suppose  our  figure  to  represent  the 
left  eye,  it  is  evident  that  it  will  be  directed  to  an  object  above 
it,  by  the  superior  muscle,  a b ; to  an  object  below  it  by  the 
inferior  muscle,  a d ; to  an  object  on  the  left  by  the  muscle,  a c, 
which  is  to  the  left  of  its  axis,  and  to  an  object  on  the  right  by 
A p,  which  is  to  the  right  of  its  axis,  and  has  its  insertion  just 
opposite  that  of  a c.  Now,  in  all  these  cases,  we  judge,  with 
perfect  correctness,  of  the  position  of  an  object  with  respect  to 
ourselves,  though  it  is  evident  that  the  image  of  an  object  above 
us  is  painted  on  the  lower  part  of  the  retina,  or  of  an  object  on 
our  right,  on  the  left  part  of  the  retina.  It  is  clear,  then,  that 
we  do  not  judge  of  the  position  of  an  object  by  the  position  of  its 
image  on  the  retina,  but  by  a knowledge  of  the  muscle  which  is 
called  into  action  to  direct  the  axis  of  vision  towards  that  object. 
Having  thus  shown  that  it  is  by  means  of  this  muscular  con- 
traction that  we  judge  of  the  relative  position  of  one  object  as 
regards  another,  Sir  Charles  Bell  infers,  as  a corollary,  that  the 
same  sense  enables  us  to  judge  of  the  relative  position  of  the 
different  parts  of  the  same  object,  that  is,  which  of  them  is  top 
and  which  bottom,  and  that  thus  we  see  an  object  straight,  the 
image  of  which  is  inverted,  just  as  we  sec  an  object  to  the  right, 
though  its  image  on  the  retina  lies  to  the  left : this  we  believe 
to  be  Sir  Charles  Bell  s meaning,*  though,  with  regard  to  this 
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point,  lie  does  not  speak  so  clearly  as  with  respect  to  the  first. 
Neither  do  we  consider  the  explanation  equally  satisfactory : w<- 
can  very  well  distinguish  the  top  from  the  bottom  of  a small 
object  placed  below  us,  though  the  same  muscular  adjustment  ; 
enables  us  to  take  in  both  at  once ; consequently  we  are  deprived 
of  that  sense  which,  in  the  other  instance,  enabled  us  to  correct 
the  position  of  the  image.  Another  explanation  offered  is,  that 
we  do  not  see  the  image  as  it  exists  on  the  retina,  but  that  the 
points  seen  by  us  are  referred  externally  in  directions  similar  to 
those  in  which  they  reach  this  membrane ; and  that  why  we  see  | 
in  this  way  must  be  taken  as  an  ultimate  fact.  This,  which  is 
termed  the  law  of  visible  direction,  even  if  true,  would  help  us 
but  little  in  solving  the  difficult}',  and  strong  objections  have  i 
been  urged  against  its  correctness. 

A third  theory,  which  has  been  supported  by  some  astro- 
nomers, is,  that  we  really  do  see  everything  in  an  inverted  position,  - 
but  that  all  bodies  being  alike  inverted,  there  are  no  relative  - 
differences  which  can  betray  the  error.  They  offer,  in  illustration, 
the  changes  in  situation  perpetually  taking  place  in  the  rotation 
of  the  earth ; such  changes  being  only  perceived  by  reference  to 
the  heavenly  bodies  out  of  the  sphere  of  our  motion.  To  the 
objection  that  we  ought  to  be  able  to  correct  vision  by  the  other 
senses,  by  touch,  for  instance,  they  reply,  not  so,  for  the  image 
of  the  hand  would  itself  be  inverted,  its  direction  be  apparently 
altered. 

The  last  theory  is,  at  first  sight,  somewhat  ludicrous,  the 
more,  however,  it  is  considered,  the  less  so  it  becomes.  It  is 
curious,  for  example,  how  readily,  under  even  partial  invertion 
of  objects,  the  different  senses  accommodate  themselves  to  it. 

In  standing  before  a looking-glass,  the  image  is  reversed,  the 
right  hand  appears  the  left,  yet  little  difficulty  is  experienced  as 
a consequence ; we  are  able  to  tie  the  handkerchief,  or  to  go 
through  the  operation  of  shaving  with  the  greatest  facility.  If 
this  is  the  case  with  a partial  invertion,  readily  detected  by 
looking  away  from  the  glass,  how  much  more  easily  would  touch  ! 
follow  vision  where  the  invertion  is  universal,  where  we  have  no 
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| ready  means  of  detecting  the  change  which  has  occurred.  The 
I subject  is  one  which  must  be  considered  as  still  unsettled. 

There  is  the  less  necessity  that  we  should  enter  minutely 
I into  the  structure  of  the  ear,  inasmuch  as  we  have  by  no  means 
I a dear  or  satisfactory  knowledge  of  the  mode  in  which  its  several 
I parts  are  subservient  to  the  faculties  of  hearing.  It  is  usually 
I divided  into  three  portions  : i,  the  external  ear,  which  serves  as 
I a sort  of  conduit  to  the  sound  ; 2,  the  middle  ear,  in  which,  it  is 
I said,  the  sound  is  in  some  way  modified  or  prepared  for  striking 
I on, — 3,  the  internal  ear,  which  answers  to  what  we  have  more 
I particularly  named  the  vital  part  of  the  organ,  that  in  which  the 
I nerve  is  expanded,  and  in  which  the  last  corporeal  change,  ne- 
I cessary  to  perception,  takes  place.  Of  each  of  these  we  shall 
1 speak  briefly.  The  external  ear  is  constructed  for  the  obvious 
purpose  of  collecting  the  rays  of  sound,  which,  like  the  rays  of 
] light,  uniformly  diverge  from  a central  point,  and,  like  them, 
may  be  made  to  alter  their  direction,  or  be  brought  to  a focus. 
It  is  more  usual,  however,  to  speak  of  sound  as  propagated  by 
undulations  than  rays,  that  is,  as  dependent  on  corpuscles,  which 
vibrate  or  oscillate  within  a given  distance,  and  so  communicate 
their  motion  to  the  next  series  of  particles,  but  have  not  them- 
selves an  actual  progressive  movement.  Sound, however,like  light, 
diffuses  itself  in  right  lines,  and  may  he  reflected  by  bodies  which 
refuse  to  transmit  it ; in  which  case,  the  position  and  form  of  the 
I reflecting  surface  produce,  on  its  direction,  exactly  the  same 
- effects  as  on  that  of  rays  of  light.  Thus,  if  two  plane  surfaces 
he  inclined  towards  each  other,  like  the  sides  of  a cone,  and  the 
wide  end  be  now  turned  towards  a sounding  body,  it  is  evident 
I:  that  a great  number  of  rays  entering  it  will,  by  reflection,  be 


made  to  reach  its  apex,  and  so  produce  a more  forcible  impression 
upon  any  vibrating  body  placed  there,  than  if  it  had  simply  been 
exposed  to  their  effects.  Thus  let  C C be  a cone,  which  has  its 
point  cut  off,  and  a vibrating  membrane,  m,  inserted  at  its  lesser 
extremity.  Let  r r'  n e'  r"  r>"  be  sonorous  rays,  coming  from  a 


I vibrating  body,  placed  at  some  distance  from  the  membrane,  but 
I nearly  in  the  same  horizontal  line,  in  which  case  we  may  consider 
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them  as  being  nearly  parallel  to  the  axis  of  the  cone.  It  is 
evident  that,  were  the  cone  removed,  no  rays  could  reach  m,  but 


such  as  lay  between  e and  r';  but  the  presence  of  the  cone 
causes  all  the  other  rays,  r r'  r"  r'",  to  reach  the  membrane  after 
a certain  number  of  reflexions;  consequently,  were  the  mem- 
brane connected  with  a sentient  organ,  the  impression  made  on 
it  would,  by  these  means,  he  considerably  increased.  This  is  the 
principle  attended  to  in  constructing  ear-trumpets,  which  we 
know  are  always  of  a funnel  shape,  and  this  is  the  principle 
exemplified  in  constructing  the  external  part  of  the  human  ear, 
where,  in  addition  to  the  conical  tube,  termed  auditory  passage, 
we  find  a still  further  means  employed  for  concentrating  sound, 
in  the  broad  elastic  cartilage,  hollowed  out  into  different  sinuosities 
or  concavities,  all  inclining  towards  the  common  opening,  which 
is  attached  round  the  wide  end  of  the  cone. 

This  may  be  seen  in  the  accompanying 
cut,  where  E is  the  external  cartilage,  com- 
monly called  the  external  ear,  and  c the 
cone  or  auditory  passage,  through  which  the 
sound  is  reflected ; and  it  is  in  this  passage 
that  the  wax  of  the  car  is  formed,  which, 
with  the  fine  hairs  that  grow  round  its 
entrance,  seems  destined  to  prevent  the 
entrance  of  minute  insects,  or  other  offend, 
ing  bodies.  At  the  end  of  this  passage,  is 
really  placed  a membrane  similar  to  that 
which  we  have  above  supposed  to  he  placed  at  the  summit  of  our 
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cone,  and  at  this  membrane  terminates  the  external  part  of  the  ear, 
while  the  little  cavity  beyond  it,  commonly  known  by  the  name 
of  the  drum  of  the  ear,  constitutes  its  second  or  middle  portion. 
And  this  cavity  is,  in  some  respects,  not  unlike  a drum  : it  has 
at  one  end  the  membrane  we  have  described,  which  may  be  com- 
pared to  the  drum-head,  and  is  usually  called  membrana 
iympani,  though  in  common  conversation  it  is  not  unfrequently 
spoken  of  as  being  itself  the  drum.  But  this  is  incorrect ; the 
drum  is  the  cavity  beyond  it,  and  when  people  talk  about  having 
the  drum  of  the  ear  broken,  they  really  mean  a rupture  of  this 
membrane.  The  other  side  of  the  drum  has  another  membrane, 
and  this  serves  to  form  the  partition  between  the  middle  and 
internal  ear,  which  is  situated  yet  deeper.  But  here  occurs  a 
very  nice  and  accurate  point  of  resemblance : a drum  would  give 
but  a very  faint  sound,  unless  an  aperture  were  left  in  its  side, 
through  which  the  vibrations  might  be  communicated  from  the 
air  within,  to  the  exterior  air ; such  an  aperture,  therefore,  is 
constantly  left ; and  in  like  manner  the  side  of  the  drum  of  the 
ear  is  perforated  by  a long  tube  called  the  Eustachian  tube, 
which  coming  from  the  upper  part  of  the  pharynx,  just  behind 
the  nose,  affords  a free  passage  for  air  into  the  cavity  of  the 
drum,  and  so  allows  its  membranes  to  vibrate,  and  the  impression 
to  be  transmitted  to  the  internal,  or  properly  sentient  part.  The 
existence  of  this  passage  is  curiously  exemplified  in  persons  who 
have  had  the  membrana  iympani  ruptured,  as  such  persons  can 
cause  smoke,  which  they  have  inhaled  with  their  mouth,  to  pass 
out  through  their  ears,  for  which  purpose  it  is  only  necessary  to 
allow  it  to  reach  the  back  of  the  throat  (without  swallowing  it), 
when  it  will  pass  through  the  Eustachian  tubes  into  the  drum* 
and  then  out  through  the  ruptured  membrane,  with  as  much* 
ease  as,  in  ordinary  cases,  it  is  passed  through  the  nostrils : a 
feat  which  almost  every  habitual  smoker  is  able  to  perform. 
The  deafness  accompanying  a cold  and  sore  throat  is  another 
proof  ot  the  existence  and  use  of  these  parts,  as  it  merely 
arises  from  the  inflammation  stopping  up  the  entrance  of  the 
tubes,  and  so  preventing  the  entrance  or  exit  of  air  from  the 
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drum  of  the  ear,  in  consequence  of  which  its  membranes  can  no 
longer  vibrate  to  slight  noises.  The  drum  of  the  ear,  however, 
has  superadded  a distinct  structure,  such  as  finds  no  parallel  ia 
any  common  drum.  This  is  a fine  chain  of  very  minute  bones, 
continued  from  one  of  its  membranes  to  the  other,  and  so 
arranged  as  to  increase  in  strength  the  vibrations  which  they 
transmit  inwards.  These  hones  are  further  supplied  with  very 
minute  muscles,  by  which  the  membrana  tympani  can  he  tight- 
ened or  relaxed,  so  as  (it  is  supposed)  to  accommodate  itself  to 
sounds  of  different  degrees  of  intensity.  Finally,  the  object  of 
all  this  apparatus  is  to  convey  the  impression  to  the  internal  ear 
or  labyrinth,  which  consists  of  three  parts,  the  vestibule,  cochlea, 
and  semi-circular  canals,  all  hollowed  out  of  the  hardest  bone  in 
the  body,  all  completely  shut  out  from  communication  with  the 
external  air,  hut  containing  in  its  place  hags  or  tubes,  filled  with 
a fine  limpid  fluid,  which  is  set  in  motion  by  the  slightest  vibra- 
tion, and  lies  in  contact  with  the  delicate  expansion  of  the 
acoustic  nerve,  to  which  the  sense  of  such  vibrations  is  thus 
immediately  communicated.  It  would  be  useless  to  expatiate  on 
the  structure  of  these  parts,  as  we  are  perfectly  ignorant  of  the 
mode  in  which  they  are  subservient  to  the  faculty  of  hearing,  or 
whether,  as  is  probable,  they  each  perform  a separate  function. 
It  has  been  suggested  that  the  vestibule,  which  appears  the 
simplest  part  of  the  internal  ear,  may  he  for  taking  notice  of 
simple  sound  ; that  the  semi-circular  canals,  which  are  three  in 
number,  and  have  different  but  fixed  positions,  may  be  concerned 
in  the  perception  of  the  direction  of  sound ; whilst  the  cochlea, 
because,  perhaps,  it  is  first  met  with  in  birds,  may  have  the 
function  of  appreciating  musical  sounds.  This  is  all  very  pos- 
sible, but  we  have  not  the  slightest  proof  that  it  is  true. 
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Chapter  XII. 

OF  MAX,  AND  THE  VARIETIES  OF  THE  HUMAN 
SPECIES. 

E have  thus  taken  a survey  of  the  principal  organs  of 


which  the  human  frame  is  built  up  ; we  have  considered 
its  structure,  and  seen  that  it  is  fearfully  aud  wonderfully  made; 
we  have  examined  the  various  contrivances  by  which  nutriment 
is  introduced,  purified,  distributed,  returned  when  exhausted, 
and  again  expelled ; we  have  noticed  the  wonderful  apparatus 
by  which  we  are  rendered  capable  of  acquiring  sensations  from 
external  bodies,  and  the  nervous  centre  to  which  these  all  are 
referred,  and  which  alone  enables  us  to  know  and  judge  of  the 
impressions  thus  produced:  it  only  remains,  to  the  completion  of 
our  present  task,  that  we  should  say  a few  words  of  man  as 
he  exists,  and  inquire  whether  the  various  appearances  under 
which  he  is  found  in  different  countries  are  such  as  may  admit 
of  explanation,  on  the  theory  of  sameness  of  species  under  the 
influence  of  accidental  circumstances,  or  whether  we  shall  he 
obliged  to  hold,  with  certain  physiologists,  chiefly  of  the  French 
school,  that  there  was  no  original  individual  man  created,  but  a 
number  of  men,  either  at  the  same,  or  at  different  times,  speci- 
fically distinct  from  each  other,  and  bequeathing  this  distinctness 
of  species  to  their  posterity. 

Man  is  distinguished  from  all  other  animals  by  many  and 
important  characters.  Destined  to  rule  over  * every  beast  of  the 
earth  and  every  bird  of  the  air,’  yet  inferior  to  many  of  them  in 
size,  in  strength,  in  velocity,  and  even,  apparently,  in  instinct, 
there  remained  but  one  means  for  enabling  him  to  assert  his 
superiority,  and  that  was  to  endow  him  with  reason.  This  has 
taught  him  to  subdue  force  by  stratagem,  and  power  by  craft  ; 
to  shelter  himself  from  dangers  which  he  could  not  overcome, 
and  evade  attacks  which  he  could  not  repel.  This  has  caused 
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the  untutored  savage  to  prepare  the  pitfall,  to  lay  the  snare,  to 
bait  the  trap,  to  construct  the  canoe,  or  shape  out  the  arrow,  the 
spear,  and  the  how.  But  for  these  things  two  provisions  were 
necessary,  the  mind  to  contrive,  and  the  skill  to  execute : the 
former  finds  its  corresponding  organization  in  the  large,  the 
complicated,  and  the  weighty  brain ; the  latter  in  the  hand, — 
an  organ  so  exquisitely  finished,  so  admirably  adapted  for  work- 
ing out  the  most  ingenious  devices,  that  Helvetius  was  inclined 
to  look  on  it  alone  as  sufficient  to  account  for  man’s  superiority 
over  other  animals. 

Now,  from  these  two  necessary  peculiarities  of  structure, 
flow  two  of  man’s  most  characteristic  distinctions  : he  must  be 
erect, — and  capable  of  using  his  two  anterior  extremities,  as 
hands ; erect,  because  the  weight  of  his  brain  and  skull  would, 
if  he  assumed  a horizontal  position,  he  constantly  weighing 
down,  and  wearying  his  neck,  while  the  blood,  rushing  with 
unchecked  force,  would  render  him  constantly  liable  to  headaches, 
vertigoes,  and  apoplexies ; capable  of  using  his  two  anterior 
extremities  as  hands,  for,  were  they  employed  as  feet,  their  fine 
sense  of  touch  would  soon  be  lost,  the  skin,  thickened  and  hard- 
ened, would  be  deprived  of  its  delicacy  of  feeling,  the  fingers, 
swollen  and  stiffened,  would  want  their  easy  pliancy  and  flexi- 
bility, and  could  no  longer  adapt  themselves  to  any  tasks  re- 
quiring neatness  or  care.  We  thus  see  that  man  was  destined 
by  his  constitution  to  be  an  intellectual  animal,  upright  in  po- 
sition,  and  furnished  with  two  hands  and  two  feet,  and  this 
enables  us  at  once  to  search  out  his  most  important  characters, 
and  embody  them,  if  required,  in  a definition.  In  fact,  from 
these  flow  almost  every  other  peculiarity  of  his  structure. 

In  other  animals,  the  hole  through  which  the  spinal  marrow 
passes  out  from  the  skull,  is  nearly  opposite  the  face  or  jaws, 
and  the  weight  of  the  skull  is,  in  a great  measure,  sustained  by 
a ligament  ( the  ligamcnlum  nucha; ),  which  we  have  already 
described : in  man,  the  hole  is  in  the  centre  of  the  base  of  the 
skull,  which  is  thus  nearly  balanced  on  the  vertebral  column,  and 
needs  no  ligament  for  its  support,  consequently  there  is  no 
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ligament,  or  merely  a vestige  of  wliat  may  be  considered  as  such. 
In  animals,  also,  the  blood  rushing  to  the  head,  which  is  so 
often  lower  than  the  heart  ( as  when  a cow  is  grazing ),  would 
come  with  a fearful  power  were  not  its  course  delayed  by  a 
beautiful  and  wonderful  contrivance,  to  which  there  is  no  parallel 
in  man,  because  his  head  is  not  intended  to  be  in  that  position. 
The  contrivance  is  the  sudden  breaking  up  of  the  internal 
carotid  arteries,  just  before  they  enter  the  brain,  into  a perfect 
network  of  little  vessels,  through  all  which  the  blood  must  pass, 
to  be  again  collected  before  it  can  reach  the  brain.  The  force  of 
the  heart  is  thus  entirely  broken ; but  in  man  the  blood  has  to 
rise  against  its  own  gravity,  which  sufficiently  answers  the 
purpose.  Again,  animals  that  are  to  live  on  flesh,  are  provided 
with  fangs,  or  beaks  and  talons : man  has  no  fangs  and  no  talons, 
but  he  has  the  mind  to  devise  implements  of  destruction,  and 
the  skill  to  construct  them.  Endowed  with  the  moral  sentiment, 
with  feelings  of  delicacy,  man  naturally  seeks  to  cover  himself 
with  dress,  and  this  is  more  than  a counterbalance  to  the  want 
of  feathers  or  fur,  which  besides  would  so  considerably  blunt  the 
fineness  of  his  sensations.  In  the  same  way  we  could  proceed  to 
account  for  the  length  of  his  heel-bone,  the  form  of  the  foot,  the 
muscular  swelling  of  the  calves  and  buttocks,  the  form  and 
direction  of  the  pelvis,  and  many  other  circumstances  in  which 
he  differs  from  all  other  animals,  but  as  this  is  a subject  pre- 
senting very  little  doubt,  let  us  rather  turn  to  consider  those 
points  in  which  men  differ  when  compared  amongst  themselves. 

Zoologists  have  much  disputed  whether  mankind  are  to  bo 
considered  as  forming  one  genus  with  several  subordinate  species, 
or  one  species  with  several  varieties.  Either  hypothesis  will 
serve  to  explain  the  numerous  differences  which  we  everywhere 
meet  with,  in  size,  colour  of  skin  and  eyes,  nature  and  colour  of 
hair,  general  form,  &c. ; but,  according  to  the  former,  a creation 
of  several  original  pairs,  endowed  each  with  the  peculiarities 
which  characterize  their  descendants,  becomes  necessary ; while 
according  to  the  latter,  a single  pair  will  suffice,  and  then, 
zoological  deduction  will  coincide  with  what  appears  to  be 
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declared  in  the  Mosaic  narrative.  Many  circumstances  tend  t< 
favour  the  prevalence  of  the  'first  opinion.  We  compare  the 
delicately  fair  Caucasian  with  the  intensely  black  Negro  o:  . 
Guinea,  the  giant  Patagonian  with  the  dwarf  Laplander,  the 
long-haired  Greek  with  the  woolly-headed  Hottentot,  the  oval 
faced  European  with  the  broad  and  flat-faced  Mongolian;  w( 
find  it  difficult  to  account  for  such  wide  deviations  from  e 
common  stock,  and  we  indulge  our  indolence,  and  save  ourselves 
the  mortifying  confession  of  our  ignorance,  by  saying  they  had 
each  their  own  stock.  The  same  explanation  is  of  equal  use  in 
accounting  for  the  mode  by  which  distant  islands,  difficult  oi 
access,  became  peopled  with  inhabitants,  too  numerous  to  allow 
of  the  supposition  of  their  recent  importation,  and  too  barbarous 
to  admit  of  attributing  to  them  any  further  skill  in  navigation, 
than  consisted  in  the  management  of  a wretched  canoe.  If  we 
suppose  them  to  have  been  created  on  the  soil  where  they  were 
discovered,  we  at  once  relieve  ourselves  from  the  trouble  of 
framing  an  hypothesis  regarding  their  immigration,  and  spare 
ourselves  all  attempts  of  tracing  analogies  with  known  tongues 
in  their  language,  which,  perhaps,  is  truly  and  radically  distinct. 

A further  difficulty  is  also  thus  overcome,  we  should  rather  say 
avoided ; and  it  is  one  which,  in  an  a priori  argument,  would 
necessarily  be  of  considerable  weight.  It  is  this:  we  learn 
from  historical  records,  from  sepulchral  tablets,  and  from  the 
figures  in  the  Egyptian  temples — too  accurately  delineated  and 
coloured,  and  too  well  preserved,  to  admit  of  doubt — that,  at  a 
period  of  remote  antiquity,  races  of  men  existed,  as  distinct 
from  each  other  as  they  are  at  the  present  day,  consequently 
such  varieties  must  have  had  their  origin  previous  to  this  time, 
that  is,  say,  in  the  thousand  years,  or  thereabouts,  that  inter- 
vened between  it  and  the  deluge ; but  man  was  then  nearly  in  a 
state  of  nature,  and  much  less  subject  to  the  numerous  modify- 
ing circumstances  which  might  be  supposed  to  give  rise  to 
varieties,  than  he  has  been  for  the  last  three  thousand  years: 
during  which,  however,  no  one  has  ever  seen  the  origin  of  a new 
variety.  We  think  we  shall  be  allowed  to  have  stated,  in  its 
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’ 1 full  force,  this  objection  to  the  theory  which  we  mean  to  adopt, 
- and  we  shall  take  an  opportunity  of  returning  to  it  when  we 
have  developed  the  true  grounds  on  which  the  question  should 
be  argued.  We  think,  also,  that  we  have  shown  sufficient 
reason  why  the  theory  of  a plurality  of  species,  so  gratifying  at 
once  to  our  vanity  and  our  indolence,  should  have  found  such 
numerous  supporters ; nor  need  we  wonder,  from  its  very  ob- 
vious nature,  that  a writer,  at  all  times  more  distinguished  for 
brilliancy  than  depth,  should  be  found  to  assert,  ‘ II  n’est  permis 


les  Hottentots,  les  Lappons,  les  Chinois,  les  Americains,  soient 
des  races  entierement  differentes.’ 

The  question,  however,  is  not  to  be  decided  by  declamation ; 
it  is  simply,  as  we  view  it,  one  of  zoological  science,  and  resolves 
itself  into  this  : — Are  the  difference^between  the  inhabitants  of 
various  countries  and  climates  so  great  as  to  render  it  impossible 
they  should  be  of  the  same  species  P And,  of  course,  the  first 
step  towards  our  answer  must  be  the  deciding  what  is  meant  by 
a species. 

By  species,  then,  we  mean  all  those  individuals  descended 
from  a common  origin ; and  if  there  be  a doubt  as  to  whether  an 
individual  does  or  does  not  belong  to  a species,  we  compare  it 
with  the  individuals  known  to  be  of  that  species,  and  ascertain 
whether  it  is  marked  by  any  more  decided  particularity  than 
those  by  which  they  are  distinguished  the  one  from  the  other. 
If  it  be,  we  conclude  it  of  a different  species,  and  assign  it  a 
different  origin ; if  not,  we  look  upon  it  as  a variety  of  that 
species,  assign  it  the  same  origin,  and  term  its  particular 
characters  accidental. 

This  is  our  idea  of  species,  and  of  the  criterion  by  which  it 
may  be  decided : several  others  have  been  proposed. 

The  following  is  John  Hunter’s  : — ‘Si  duo  quadibct  animalia, 
quibus  inter  se  similitudo  non  ita  perfecta  est,  ut  per  certo  eidem 
speciei  adjudices:  prolem  tamen  alterutri  parcnti  aut  jam  similem, 
aut  aliquando  f alu,)' am  procreent ; turn  quantum  inter  se  dif- 
I ferant,  ilia  ejusdem  tamen  speciei  esse  habenda  sunt:’  which  he 
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illustrates  thus.  Of  all  that  hear  the  human  name  select  a mah 
and  female  the  most  unlike  possible,  say  a Congo  black  and  £ 
fan-  Circassian ; suppose  that  from  their  union  spring  a male  arc 
female  child,  and  that  the  former  of  these  intermarries  with  the 
father’s  race,  the  latter  with  the  mother’s ; if  then,  after  some  - 
generations,  the  offspring  of  the  male  child  resemble  the  father 
in  everything,  and  the  offspring  of  the  female  the  mother,  then 
it  follows  that  the  parents  were  of  the  same  species.  But  that 
such  will  be  the  case  is  proved  daily,  by  the  results  of  intermar- 
riages  between  blacks  and  whites. 

This  criterion,  in  fact,  is  based  upon  the  law  of  nature  that 
creatures  of  every  kind  shall  increase  and  multiply  by  propagat-  - 
ing  their  own  kind  and  no  other.  That  such  a law  exists  would 
appear  almost  certain;  for  how  otherwise  could  the  order  and 
variety  of  the  animal  and  vegetable  world  be  preserved?  We 
should  have  an  universal  blending  together  of  races,  an  inextri-  . 
cable  and  perpetually  increasing  confusion  of  the  various  species.  ■ 
But  such  is  not  the  case ; the  same  steady  and  uniform  reproduc-  : 
tion  is  going  on  throughout  the  world ; and  the  limits  of  the  dif- 
ferent species  are  in  all  probability  as  distinct  now  as  they  were 
thousands  of  years  ago. 

But  hybrids  can  be  produced,  both  in  the  vegetable  and 
animal  kingdom.  True;  but  although  hybrid  plants  can  be 
produced,  there  are  no  hybrid  races.  In  most  cases  these  plants 
are  absolutely  sterile,  and  even  in  those  rare  instances  where  hy- 
brid plants  can  be  made  to  reproduce,  either  by  blending  them 
with  the  primitive  kinds  or  with  other  hybrids,  this  unusual 
fertility  has  never  been  known  to  become  permanent ; according 
to  Professor  Bindley,  it  has  never  exceeded  the  third  generation. 

A similar  law  prevails  in  the  animal  kingdom : mules  and 
other  hybrid  animals  are  produced  among  domesticated  animals, 
though  scarcely  ever  in  animals  in  their  untamed  and  natural 
condition.  No  new  breed,  however,  can  be  perpetuated  from 
these  individual  hybrids ; it  is  only  by  returning  to  one  of  the 
parent  tribes  that  the  offspring  of  these  animals  is  capable  of 
being  continued  in  successive  generations. 
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Unless,  then,  these  observations  are  erroneous,  we  are  led  to 
infer  by  analogy  that  "if,  as  can  be  shown  to  be  the  case,  the 
different  tribes  of  mankind  are  capable  of  breeding  together  and 
producing  a prolific  offspring,  these  tribes  are  only  varieties,  and 
not  different  species. 

This  argument  might  almost  suffice  by  itself ; it  is  advisable 
however,  to  investigate  the  matter  further.  Dr.  Prichard,  whose 
work  on  the  Natural  History  of  Man  is  one  of  the  greatest  interest, 
has  proposed  another  mode  of  determining  the  identity  or 
diversity  of  species ; viz.,  ‘ by  referring  to  the  principal  laws  of 
the  animal  economy and  this,  as  being  a physiological  test,  and 
having  its  basis  in  the  operations  of  nature,  we  should  wi  1 1 i ngly 
embrace,  but  for  the  very  limited  extent  of  our  acquaintance  with 
those  laws,  and  our  consequent  ignorance  how  far  they  may 
admit  of  modification.  Thus,  Doctor  Prichard  assumes  as  one  of 
his  examples,  the  period  of  uterogestation,  and  from  the  fact,  as 
stated  by  Buffon,  that  the  wolf  goes  with  young  more  than  one 
hundred  days,  while  the  bitch  is  known  to  carry  hers  but  sixty- 
two  or  sixty-three,  gives  it  as  his  decided  opinion  that  they  are  of 
different  species ; though,  from  such  tests  as  those  before  men- 
tioned, John  Hunter,  and  several  other  excellent  physiologists, 
were  inclined  to  consider  them  as  of  the  same.  But  though,  in 
the  human  kind,  we  know  the  general  law  which  confines  the 
child  to  the  womb  for  a period  of  nine  months,  we  also  know  that 
this  period  may  be  considerably  anticipated ; but,  as  we  do  not 
know  the  cause  of  the  general  law,  so  neither  can  we  tell  the  ex- 
tent to  which  it  will  admit  of  particular  exceptions ; such  excep- 
tions, therefore,  may  be  but  accidental;  and  we  have  already 
shown  that  accidental  peculiarities  do  not  constitute  species  but 
varieties.  Another  standard  which  has  been  proposed  is,  the 
common  liability  to  certain  diseases.  It  is  certainly  true  that  the 
small-pox  has  raged  in  every  climate,  and  amongst  every  race; 
and,  before  this  dreadful  scourge,  all  have  confessed  their  common 
humanity : but  it  is  also  true  that  apes,  inoculated  witli  it,  have 
shown  regular  pustules ; the  vaccine  disease,  none  can  doubt,  we 
share  with  cows ; itch  and  other  cutaneous  maladies  seem  com- 
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mon  to  us  with  inferior  animals,  and  a late  but  terrible  ex-'  : 
perience,  has  fully  proved  that  glanders  can  be  communicated  . 
from  the  horse.  It  is  singular  that  this  very  test,  which  t- 
Prichard  chose  as  establishing  the  variety  of  the  human  species,  , 
should  have  been  selected  by  others  for  disproving  it.  Yirey 
alludes  to  the  frequency  of  yaws  among  the  Negroes,  while  they 
are  seldom  known  to  attack  whites,  and  the  latter  suffer  dread- 
fully under  yellow  fever,  from  which  the  former  are  compara- 
tively exempt.  Other  authors  have  attempted  to  show  that  the 
species  of  louse  found  on  the  Negro,  differs  generically  from  the 
parasitical  insect  of  white  men ; and  Kudolphi  has  extended  the 
argument  to  the  worms  by  which  their  bodies  are  infested: 

‘ Tania  lata,  L.,’  he  says,  ‘ is  found  in  the  bodies  of  the  Bussians, 
neighbouring  Prussians,  and  Swiss,  while  in  the  other  Euro- 
peans, and  the  Greeks  generally,  Tania  solium,  prevails.  I have 
only  seen  one  example,  in  a young  female,  -where  both  of  these 
presented  at  the  same  time,  but  it  is  probable  that  this  person 
was  of  mixed  descent !’  The  idea  of  making  this  a standard  of 
species  is  certainly  not  a little  amusing,  when  we  recollect  that 
the  Ascaris  lumbricoid.es,  L.,  is  to  be  found  without  any  sen- 
sible difference,  in  the  intestines  of  man,  horse,  zebra,  ass,  mule, 
ox,  and  hog. 

We  shall  only  mention  one  more — that  proposed  by  M. 
Cuvier,  in  the  Preliminary  Discourse  to  his  Ossemens  Tossilcs, 

‘ Generation,’  he  says,  ‘ being  the  only  means  of  ascertaining 
the  limits  to  which  varieties  can  extend,  we  should  define  species 
to  be  the  assemblage  of  individuals  descended  one  from  the 
other,  or  from  common  parents,  and  of  those  who  resemble 
them  as  strongly  as  they  do  each  other.’  This  definition,  M. 
Desmoulins  pronounces  false,  for  the  following  reason.  The 
American  bison  is  said  to  be  a distinct  species  from  the  Eu- 
ropean domestic  ox,  as  is  evinced  by  the  difference  in  figure, 
the  shape  of  the  head  and  cranium,  Ac.,  as  well  as  by  its  pos- 
sessing two  additional  ribs  on  each  side.  But  a great  part  of 
the  black  cattle,  to  be  found  in  the  states  of  the  American 
confederacy,  at  the  other  side  of  the  Alleghany,  is  the  hybrid 
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breed,  between  the  European  cattle  and  these  bisous.  ‘ These 
hybrids,’  says  M.  Desmoulins,  * form  really  a new  species.’  To 
this  we  can  by  no  means  assent,  as  it  would  go  to  prove  every 
productive  cross  a new  species,  a doctrine  perfectly  monstrous : 
had  M.  Desmoulins  said  that  such  hybrids,  if  bred  previous  to 
our  knowledge,  and  since  propagated  by  direct  descent,  would 
now  be  probably  ranked  as  a new  species,  he  would  have  been 
right ; but  he  would  have  been  assuming  a case  which  he  knew 
did  not,  and  we  may  say  could  not,  occur ; such  crosses  are 
artificial,  they  occur  only  in  animals  under  subjection  to  man, 
and  are  not  known  to  occur  in  a state  of  nature,  where  there 
seems  to  be  an  instinctive  aversion  to  all  intermixture  of 
species ; they  cannot,  therefore,  with  any  show  of  fairness,  be 
introduced  into  a dispute  regarding  the  original  and  natural 
distinctness  of  species.  But  M.  Desmoulins’  own  test,  ‘the 
permanence  of  type  under  different  circumstances,’  cannot  be 
admitted  as  sufficient,  when  we  see  the  red  eye  invariably 
accompanying  the  white  skin,  in  the  leucaethiopic  race  of  rab- 
bits, mice,  &c„  which  we  can  show  to  be  but  a variety ; or  the 
universal  prevalence  of  black  hair  on  the  swine  of  a certain 
district;  or  the  uniformity  of  colour,  mentioned  by  D’Azara, 
as  marking  the  numerous  troops  of  horses  now  running  wild 
on  the  spacious  South  American  Pampas,  which,  nevertheless, 
all  owe  their  origin  to  those  originally  imported  by  the  Spa- 
niards. In  truth,  M.  Desmoulins,  though  nominally  one  of  the 
most  violent  opposers  of  the  unity  of  the  human  species,  is 
really  not  a direct  contradictor  of  our  views.  He  denies  that 
species  can  be  formed  by  the  influence  of  climate,  but  asserts 
they  may  originate  by  generation ; this  is  nearly  what  we  hold 
respecting  varieties;  the  dispute,  then,  resolves  itself  into  one 
about  words, — what  we  call  varieties  he  calls  species,  and  admits 
they  may  have  a common  origin. 

We  therefore  return  to  the  definition  with  which  wo  set  out; 
we  consider  all  descended  from  common  parents,  as  being  of  the 
same  species ; and  we  accept  Blumenbach’s  test  of  analogy,  and 
judge  of  the  extent  of  variety  which  may  occur,  by  a comparison 
with  that  which  has  occurred. 
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Our  next  step  shall  he  to  state,  as  briefly  as  possible,  the  mostll 
striking  differences  observed  in  the  human  species,  for  which! J 
purpose  we  shall  arrange  them  under  the  five  heads  originally  pro- 
posed by  Blumenbach,  and  since  generally  received.  We  shall 
then  apply  our  test,  and  show  that  greater  differences  have,  bo 
our  knowledge,  arisen  in  individuals  allowed  to  be  of  the  same 
species ; and,  lastly,  shall  consider  the  causes  to  which  the  origin, 
of  varieties  may  be  referred. 

i.  At  the  head  of  the  human  kind  stands  the  Caucasian 
race,  distinguished  for  pre-eminent  grace  and  beauty  of  figure. 
The  face  is  oval,  the  skin  fan-,  inclining  to  brown,  deepening  in 
shade  as  the  exposure  to  sun  and  climate  becomes  greater,  yet 
generally  permitting  the  blood  to  be  seen  through  the  skin  in 
the  cheeks,  and  at  the  lips.  The  hair  of  the  scalp  and  the 
beard  is  abundant,  soft,  long,  and  flowing  in  undulations,  more 
or  less  approaching  to  curls.  In  colour,  it  may  be  described  as 
brownish,  deviating,  on  the  one  side,  through  auburn,  red,  and 
yellow,  to  a delicate  flaxen  colour ; on  the  other,  through  dif- 
ferent degrees  of  intensity,  until  it  becomes  a clear  and  glossy 
black.  The  forehead  is  high  and  expanded;  the  features  moderately 
distinct ; the  nose  narrow  and  straight,  or  inclining  to  aquiline ; 
the  cheek-bones  not  in  general  prominent ; the  mouth  small ; 
the  lips,  particularly  the  lower  one,  slightly  turned  outwards ; 
the  teeth  perpendicular  in  each  jaw,  and  the  chin  full  and 
rounded. 

The  head  is  of  a symmetrical  appearance,  nearly  globular ; 
this  character  is  particularly  observable  in  the  Turks.  The 
general  outline  of  the  figure  is  free  and  flowing,  the  port  erect, 
the  back  part  of  the  head  rather  projects,  so  as  to  cause  a curve 
in  at  the  neck,  the  lower  extremities  are  straight  and  well- 
placed  under  the  body,  the  sole  of  the  foot  lies  nearly  smooth  on 
the  ground,  not  resting,  as  in  monkeys,  on  its  outer  edge,  and 
the  swell  of  the  calf  is  gradual,  and  at  some  distance  beneath 
the  knee.  The  facial  angle  is  more  open  in  this  than  in  any 
other  variety ; though  in  this  point  much  difference  exists  from 
the  ideal  forms  of  Grecian  beauty,  in  which  the  angle  approxi- 
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mates  a right  angle,  the  forehead  being  thus  perpendicular  over 
the  face,  to  the  sloping  forehead  of  the  Pole  represented  in 
Blumenbach’s  Decades  Craniorum  (iii.  23),  and  in  which  the 
angle  is  identically  the  same  with  that  of  a Negro’s  head, 
which  he  has  also  represented  (ii.  10).  We  may  here  observe, 
en  passant,  upon  the  total  and  evident  insufficiency  of  so  con- 
stantly varying  a mark  for  the  establishment  of  any  original 
difference  between  races  of  mankind ; yet  this  is  the  character 
upon  which  M.  Yirey  chooses  to  divide  them  into  two  distinct 
species,  which  he  again  subdivides  into  races  distinguished  by 
their  colour,  as  follows : 


Species. 


I.  Facial  angle  85  to 
90  degrees. 


Race . 

1.  White  . . . 

2.  Tawny  or  yellow 

3.  Copper-colour 


Families. 

C Arabo-Indian. 

( Celtic  and  Caucasian. 
? Chinese. 

-<  Kalmuck-Mongolian. 
(.  Lapono-Ostiack. 
American  or  Carib. 


Species. 

II.  Facial  angle  75  to 
85  degrees. 


Race. 

'4.  Deep-brown  . . 

5.  Black  .... 

6.  Blackish  . . . 


Families. 

Malay  or  Polynesian. 
Caller. 

Negro. 
f Hottentot. 

(.  Papuan. 


It  is  evident  our  Pole  at  once  destroys  this  distinction,  as 
according  to  it  he  would  have  been  of  the  second  species,  while 
his  father  or  brother,  or  any  more  fortunate  member  of  the 
family  would  have  belonged  to  the  first.  And  this,  in  fact,  is 
the  strong  point,  from  which  we  must  ultimately  admit  the 
unity  of  the  human  species,  that  you  can  take  no  mark  so  de- 
cided, that  will  not  occasionally  be  found  occurring  in  some  of 
the  other  divisions : for  by  such  insensible  gradations  do  they 
run  together,  that  though  the  extremes  seem  remote,  the  inter- 
mediate steps  are  as  nothing.  We  proceed  from  change  to 
change,  scarcely  knowing  how  we  advance ; the  fugitive  character 
still  eluding  our  grasp,  and  refusing  to  exhibit  any  stableness  or 
fixity,  till  at  last  we  join  in  the  conclusion  of  one  whose  best 
attention  has  long  been  given  to  the  subject,  and  who  declares, 
that  so  far  from  finding  mankind  to  consist  of  different  species, 
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lie  lias  become  totally  unable  to  discover  any  decided  grounds  for 
distinguishing  them  into  varieties. 

To  revert,  however,  to  our  Caucasian  race,  of  which  we  have 
noted  the  prominent  physical  characters ; they  are  no  less  dis- 
tinguished for  moral  endowments.  Amongst  them  civilization 
probably  originated,  as  amongst  them  it  certainly  attained  its 
greatest  perfection.  Whatever  may  have  been  the  colour  of  the 
ancient  Egyptians,  the  form  of  their  skull  clearly  indicates  them 
to  have  been  of  this  variety.  This  it  is  which  has  produced  the 
greatest  men  in  every  art  and  science : legislators,  poets,  painters, 
astronomers,  divines,  physicians,  naturalists,  all  have  appeared 
most  pre-eminent  amongst  the  nations  belonging  to  this  race.  - 
Its  characters  are  pretty  widely  extended : in  Europe  they  are 
universal,  if  we  except  the  Laplanders  and  some  of  the  Hun- 
garians, tribes  who  seem  rather  to  belong  to  our  second  divi- 
sion. In  Asia  they  are  found  stretching,  even  to  the  west  banks 
of  the  Ganges,  through  Turks,  Syrians,  Armenians,  Georgians, 
Circassians,  Jews,  Mingrelians,  Persians,  Arabs,  and  Hindoos 
of  high  caste.  In  Africa  they  may  be  traced  in  the  Moors,  the 
Berbers,  some  of  whom,  as  represented  by  M.  Bozet,  present  a 
physiognomy  perfectly  Roman,  in  the  white  and  yellow-haired 
tribes  of  Mount  Auress  described  by  Shaw  and  Bruce,  in  the 
Egyptians,  the  wandering  tribes  of  the  desert,  and  at  the  ex- 
treme west,  in  the  mummies  of  the  Guanches,  or  former  inhabi- 
tants of  the  Canary  isles.  In  America  we  cannot  say  that  any 
of  the  race  exist,  except  as  descended  from  European  colonists. 
The  tribes  termed  indigenous  agree  amongst  themselves  in  cha- 
racters sufficiently  numerous  to  form  them  into  a distinct 
variety,  of  which  we  shall  speak  hereafter.  We  only  doubt 
whether  the  Incas,  ‘ the  rj olden-haired  children  of  the  sun,  can 
be  considered  as  belonging  to  it ; but  our  information  respecting 
them  is  far  too  limited  to  allow  of  even  a probability  being 
attained  on  this  point:  Dr.  Prichard  suggests  that  they  may 
have  been  a family  of  the  original  Asiatic  immigration,  who, 
from  some  peculiarity  of  custom  or  situation,  preserved  their 
ancient  manners  and  civilization,  by  means  of  which  they  were 
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enabled  to  become  the  legislators  of  the  rest,  who,  spreading 
more  widely  through  immense  uncultivated  tracts,  soon  degene- 
rated into  all  the  habits  of  barbarous  life, 

2.  The  second  great  variety  of  the  human  species,  termed 
Mongolian,  extends  over  all  the  eastern  and  northern  parts  of 
Asia,  the  north  of  America,  and  embraces  those  European 
tribes,  the  Laplanders,  Hungarians,  &c.,  excluded  from  the 
first,  In  all  these  the  head  presents  a square  and  flattened 
appearance,  as  though  the  globular  Caucasian  head  had  been 
depressed,  and  the  face  widened  and  dilated.  The  general 
complexion  is  yellow  or  olive,  ‘a  middle  tint,’  as  Mr.  Lawrence 
says,  ‘between  ripe  wheat  and  boiled  quince,  or  dried  lemon- 
peel.’  Tn  many  of  them  it  is  by  no  means  darker  than  in  several 
of  the  foregoing  race,  particularly  when  embrowned  by  exposure, 
yet  it  effectually  conceals  the  rush  of  blood  to  the  cheek ; the 
becoming  blush  seems  the  peculiar  privilege  of  the  Caucasian 
tribes,  though  it  has  been  distinguished  in  a faint  degree  in 
young  and  delicate  females  of  the  Tonquinese  by  Dampier,  of 
the  Esquimaux  by  Chappell,  of  the  Otaheiteans  by  Eorster,  and 
even  of  the  Hegro  race  by  Goolberry.  The  hah-  in  the  Mongo- 
lians is  black,  straight,  thin,  and  stiff;  many  of  them  shave  it, 
leaving  a single  lock,  as  may  be  seen  in  representations  of  the 
Chinese;  the  beard  is  scanty,  and  generally  eradicated.  The 
general  contour  of  the  face  is  square,  and  the  features  seem,  as 
it  were,  pressed  into  it.  The  forehead  is  low  and  slanting,  the 
superciliary  ridges  scarcely  exist,  the  space  between  the  eyes  is 
wide  and  flat,  the  eyes  of  a black-brown  colour,  narrow,  linear, 
and  drawn  upwards  towards  their  outer  angle ; the  cheek-bones 
project  laterally  ; the  nose  is  flattened  in,  particularly  at  the  root, 
and  the  nostrils  are  very  open  ; the  upper  jaw  is  flat  and  wide, 
the  teeth  straggling,  the  chin  short,  and  not  retreating.  In 
general  form  of  body  the  Mongolian  is,  at  least  to  our  eyes, 
by  no  means  so  graceful  as  the  Caucasian.  The  trunk  is  large, 
square,  and  massive  ; the  extremities  thick,  short,  and  muscular ; 
the  whole  is  constructed  rather  for  strength  than  agility,  and 
the  average  height  is  inferior  to  ours.  Under  this  head  have 
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been  assembled  the  inhabitants  of  China,  Japan,  Tonquin, 
Cochin-China,  the  Burmese,  and  other  territories  east  of  the 
Ganges  ; of  Thibet  and  Boodhtan,  the  nomad  hordes  of  central 
and  northern  Asia,  the  Finnish  races,  already  alluded  to,  of  the 
north  of  Europe,  and  the  Esquimaux  of  the  northern  parts  of 
America,  extending  from  Behring’s  Straits]  to  the  extremity  of 
Greenland.  Amongst  these  people,  however,  innumerable  dif-  ~ 
ferences  are  to  be  found,  insomuch  that  Dr.  Prichard  quite 
rejects  the  idea  of  uniting  them  under  one  common  name,  and  • 
there  certainly  appears  sufficient  reason  for  admitting,  at  least 
M.  Virey’s  subdivision,  into  three  principal  families,  the  rude 
wandering  hordes  of  the  elevated  ground  in  central  Asia,  verging 
on  one  side  into  the  more  cultivated  and  civilized  nations 
between  the  Ganges  and  the  sea,  where  this  variety  appears  to 
have  reached  its  utmost  perfection,  though  still  far  from  rival- 
ling the  Caucasians,  and,  on  the  other,  into  those  stunted 
and  diminutive  tribes,  the  Esquimaux,  the  Samoiedes,  the 
Ostiacks,  the  Laplanders,  and  others  surrounding  the  Arctic 
Pole. 

3.  We  could  suppose  a skull,  such  as  we  have  described  the 
Mongolian,  to  be  formed  Bom  a Caucasian  by  depression;  but  ' 1 
compression  as  well  as  depression  would  be  required  to  produce 
our  third  variety,  the  Ethiopian,  including,  we  may  say,  all 
the  African  tribes  not  referred  to  the  first  division,  and  who, 
from  their  prevalent  complexion,  are  known  by  the  common 
appellation  of  Negroes  or  Blacks.  In  tins  variety  we  generally 
find  a predominance  of  the  sensual  over  the  intellectual  deve- 
lopment. The  senses  are  all  of  extreme  acuteness,  and  the 
face  seems  to  be  moulded,  so  as  to  afford  their  organs  as  much 
size  aud  prominence  as  possible.  The  eyes  are  brought  to  the 
surface  of  the  head,  the  nostrils  enlarged,  the  mouth  protu- 
berant, the  teeth  strong,  the  jaws  powerful,  the  temporal 
muscles  by  which  these  are  moved  enlarged,  and  occupying  a 
considerable  extent  on  each  side  of  the  skull,  which  seems  ns 
if  it  were  flattened  and  narrowed  between  them.  The  hair  is 
short,  crisp,  and  woolly,  and,  as  well  as  the  eye,  of  a black 
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colour.  The  cheek-hones  are  prominent,  the  jaws  projecting, 
the  nose  broad,  thick,  flat,  and  confused  with  the  surrounding 
parts,  the  lips,  and  particularly  the  upper  one,  are  thick,  the 
upper  front  teeth  are  oblique,  the  chin  retreating.  The  head 
is  altogether  of  an  elongated  form  from  front  to  rear,  where  is 
placed  its  principal  bulk.  The  occipital  foramen  is  situated  so 
far  back,  that  there  is  scarcely  any  bend  in  at  the  neck,  which 
forms  almost  a straight  line  from  the  head  to  the  back.  The 
general  figure  is  less  graceful  and  erect  than  in  the  Caucasian, 
the  knees  are  generally  turned  in,  the  calf  is  small,  and  situated 
immediately  below  the  knee,  the  sole  of  the  foot  rests  more  on  its 
outer  edge  than  in  us,  the  head  is  elongated,  and  the  leg  is  not 
well  straightened  in  progression. 

There  are,  doubtless,  many  points  in  which  the  Negro  differs 
from  the  Caucasian,  and  in  most  of  which  he  more  nearly 
approaches  the  monkey  tribe.  This  fact  has  been  seized  on 
by  persons  who  have  considered  it  a reason  for  either  depressing 
the  Negro-race  to  an  affinity  with  monkeys,  or  raising  those 
latter  to  the  rank  of  men.  But  a moment’s  consideration  would 
have  shown  the  trifling  importance  of  the  fact  upon  which  they 
build  such  grave  conclusions : if  there  is  to  be  a variety  in  the 
formation  of  mankind,  some  must  resemble  monkeys  more  than 
others  ; but  this  is  no  proof  of  anything  like  an  approximation 
of  species ; ‘ some  pigs,’  says  Mr.  Lawrence,  ‘ have  solid  hoofs, 
and  in  so  far  approach  the  structure  of  the  horse,  but  do  we  on 
that  account  suppose  that  the  nature  of  the  animal  in  general  is 
less  porcine,  or  more  like  that  of  the  horse,  than  that  of  other 
pigs  ?’  The  Negroes  are,  in  fact,  ‘ children  of  a larger  growth ;’ 
we  perceive  in  them  the  same  volatility,  the  same  restlessness, 
the  same  impatience  ol  restraint,  tire  same  attention  to  objects 
which  strike  their  senses,  the  same  fickleness  of  will,  the  same 
want  ol  determinate  aim  or  purpose.  The  reflecting  powers  seem 
dormant  or  little  exercised,  the  moral  sense  is  weak  and  obscure, 
the  animal  propensities  alone  seem  to  have  reached  maturity ; 
and  under  their  unchained  influence,  the  Negro  is  capable  of  the 
warmest  attachments,  the  bitterest  enmities,  and  the  most 
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horrible  revenge.  A nation  of  civilized  Negroes  is  a pheno- 
menon unknown;  in  vain  will  you  search  amongst  them  for 
elevated  flights  of  imagination,  profound  investigations  of  the 
laws  of  nature,  or  just  views  of  human  responsibility;  no  woolly- 
headed race  has  ever  produced  even  a great  conqueror — perhaps 
the  least  honourable  path  that  leads  to  human  distinction. 
Blumenbach  has  taken  pains  to  collect  some  examples  of  natural 
talent  amongst  Negroes,  and  instances  some  who  have  succeeded 
as  painters,  poets,  musicians,  and  divines.  These  are,  however, 
only  individual  cases,  the  general  character  accords  with  that  we 
have  sketched — and  may  he  applied,  with  but  fetv  exceptions, 
to  the  African  nations  living  along  the  coasts  of  Guinea,  Benin, 
Angola,  Loango,  &c.,  or  generally  to  all  south  of  the  Atlas 
mountains. 

These  are  the  three*  principal  varieties  of  the  human  kind, 
and  with  them  Cuvier  declares  himself  satisfied ; though  he  allows 
it  is  difficult  to  reduce  the  Malays  or  the  Americans  to  any  one 
of  these  precisely.  Still  he  suggests  they  may  be  sorts  of 
transition  varieties, — the  Malays  between  the  Mongolian  Chinese 
on  the  one  side,  and  the  Caucasian  Hindoos  on  the  other ; the 
Papuans,  a cross  on  some  Negroes  who  had  found  their  way  to 
the  Indian  seas ; while  for  the  Americans,  related  to  the  Mongo- 
lians by  their  black  hah-  and  scanty  beard,  and  to  us  by  the 
distinctness  and  prominence  of  then-  features,  he  declares  he  can 
find  no  character  sufficiently  decided  and  important  to  warrant 
him  in  constituting  them  ‘ distinct  varieties.’ 

We  shall,  however,  for  the  sake  of  more  clearly  stating  the 
prominent  differences  observable  in  mankind,  retain  the  remaining 
varieties,  as  established  by  Blumenbach,  under  the  names  of 
American  and  Malay. 

4.  Through  the  entire  of  the  New  World,  if  we  except  the 


* Descended,  it  has  been  supposed,  from  the  three  sons  of  Noah:  Japbeth 
being  the  progenitor  of  the  Caucasian  or  European  tribes  ; Shorn,  of  the  Mongo- 
lian or  Asiatic : ami  Ham,  of  the  Negro  or  African.  The  original  affinities  of 
the  various  languages  spoken  amongst  these  great  subdivisions  have  been  brought 
in  support  of  this  idea.  Much  curious  information,  tending  to  throw  light  on 
the  question,  may  be  found  in  Adelung,  Vater,  and  Prichard. 
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regions  bordering  on  the  Arctic  circle,  there  exists  a wonderful 
uniformity  of  personal  appearance.  ‘ The  Indians  of  New  Spain,’ 
says  Baron  Humboldt,  ‘ bear  a general  resemblance  to  those  who 
inhabit  Canada,  Florida,  Peru,  and  Brazil.  They  have  the  same 
swarthy  and  copper  colour,  straight  and  smooth  hair , small 
beard,  squat  body,  long  eye,  with  the  corner  directed  upwards 
towards  the  temples,  prominent  clieclc-bones,  thick  lips,  ex- 
pression of  gentleness  in  the  mouth,  strongly  contrasted  with  a 
gloomy  and  severe  look.’  * Over  a million  and  a half  of  square 
leagues,’ adds M.  Volney,  ‘from  Terra  del  Fuego  to  the  river  St. 
Lawrence  and  Behring’s  Straits,  we  are  struck  at  the  first  glance 
with  the  general  resemblance  in  the  features  of  the  inhabitants ; 
we  think  that  we  perceive  them  all  to  be  descended  from  the 
same  stock,  notwithstanding  the  prodigious  diversity  of  languages 
which  separates  them  one  from  another.’  The  traits  mentioned 
above,  particularly  those  marked  in  italics,  can  leave  little  doubt 
as  to  that  stock  being  the  Mongolian,  to  which,  if  we  add  the 
consideration  of  their  relative  geographical  situations,  of  the 
naiTOw  strait  which  separates  north  Asia  from  the  shores  of  the 
New  World,  of  the  evidence  that  in  former  times  this  distance 
was  still  less,  or  perhaps  that  an  actual  junction  existed,  or  at 
least,  that  islands*  studded  the  strait,  the  passage  from  one  to 
the  other  of  which,  even  in  the  rudest  canoe  or  raft  must  have 
been  perfectly  easy : if,  further,  we  take  into  account  the 
analogies  which  American  languages  furnish  with  those  spoken 
in  northern  Asia;  the  similarity  even  in  certain  habits  and  shades 
of  character  noticed  by  travellers,  particularly  by  Humboldt, 
Spix,  and  Martius;  and  finally,  add  the  singular  but  well- 
established  fact,  that  the  dog  found  with  the  natives  was  a 
rough-haired,  prick-eared  savage  animal,  agreeing  identically 
with  the  Canis  Sibiricus,  the  faithful  attendant  of  the  northern 
Mongolian  nomad  hordes;  we  think  the  supposition  of  a separate 


* Dr.  Mitchell,  of  New  York,  ha9  confirmed  the  fact,  that  the  inlands  placed 
between  Kamtschatka  and  the  coasts  of  America,  such  as  the  Aleutian,  the 
Kurile,  &c.,  are  inhabited  by  the  descendants  of  Siberian  tribes,  retaining  all 
their  manners,  habits,  and  appearance. 
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creation  of  autochthones  for  the  New  World  will  be  given  up  as 
gratuitous  and  unnecessary,  and  its  inhabitants  will  be  allowed 
to  offer  no  exception  to  the  theory  which  looks  on  mankind  as 
one,  and  derived  from  a single  origin. 

The  characteristics  of  the  American  tribes,  however,  are,  like 
all  others  we  have  noted,  subject  to  considerable  variation.  The 
tint  of  the  skin,  generally  of  a red  or  copper  colour,  may  become 
of  a deep  brown,  while  others  are  nearly  white,  as  Cook  observed 
of  the  natives  at  Nootka  Sound,  and  Molina  of  some  who  inha- 
bited a high  situation  in  the  Chilian  Andes.  In  stature,  they 
present  all  degrees,  from  the  great  height  of  the  Patagonian  to 
the  dwindled  bodies  of  the  Chaymas,  whom  Humboldt  describes 
as  seldom  exceeding  four  feet.  The  depression  of  the  forehead 
also  varies  considerably,  and,  it  is  said,  is  in  many  cases  assisted 
by  artificial  means.  Blumenbach  represents  the  skull  of  a Carib, 
in  which  pressure  had  been  evidently  used  for  this  purpose,  and 
the  forehead  slants  off  so  suddenly  from  immediately  above  the 
eyes,  that  we  can  almost  suppose  the  individual  must  have  been 
able  to  see  above  him  without  turning  up  his  head. 

Civilization  would  appear  never  to  have  made  much  way 
amongst  our  red  brethren.  When  the  Spaniards  entered  Arne- ' 
rica,  there  existed  two  powerful  nations,  the  Peruvians  and  the 
Mexicans,  respecting  which  the  Spanish  historians  entertain  us 
with  wonderful  accounts  of  their  power,  wealth,  intelligence, 
and  advancement ; hut  it  is  evident  they  had  as  yet  made  few 
steps  from  barbarism,  as  they  had  no  current  coin,  no  written 
alphabet,  no  manufactures  or  commerce,  no  clothes,  except  some 
painted  feather  girdles  and  other  ornaments,  and  a few  hardy 
adventurers  proved  sufficient  to  overthrow  these  two  mighty 
empires.  Yet  courage  is  by  no  means  that  quality  in  which  the 
American  Indian  is  deficient ; he  will  face  the  most  appalling 
dangers,  will  undergo  the  severest  tortures  without  a groan,  and 
will  march  to  his  funeral  pile  with  a proud  disdain  of  life, 
chanting  his  war  song,  and  bidding  defiance  to  his  enemies  by 
whom  he  is  surrounded.  Neither  are  some  of  the  more  generous 
feelings  of  our  nature  wanting.  Though  they  are  said  to  kill  all 


VARIETIES  OF  THE  HUMAN  SPECIES. 


403 


their  children  bom  after  a certain  number — a habit  consequent 
on  the  difficulty,  or  almost  impossibility,  of  providing  food  for  a 
numerous  family  in  their  wild  mode  of  life,  they  yet  exhibit 
occasional  instances  of  very  strong  attachment  even  to  strangers 
whom  they  may  have  spared  and  adopted.  The  proud  constancy 
with  which  they  have  refused  to  bend  their  necks  to  the  yoke  of 
slavery,  but  have  rather  preferred  to  suffer  extermination,  is  well 
known,  and  the  difference  between  their  character  and  that  of 
the  Negroes  in  this  respect  gave  rise  to  the  proverb  long  current 
amongst  the  French  colonists  of  the  Antilles  isles,  ‘ Que  regarder 
un  sauvage  de  travel's,  e’est  le  battre ; le  battre  e’est  le  tuer : mais 
frapper  un  Negre,  e’est  le  nourrir.’ 

A slowness  to  adopt  improvements,  or  modify  their  habits  to 
circumstances,  seems,  however,  a constituent  part  of  American 
nature.  These  men  who  exhibit  such  surprising  instances  of 
sagacity  in  their  native  forests,  develope  such  traits  of  ingenuity, 
patience,  and  skill  in  pursuing  or  avoiding  a foe,  in  securing  the 
objects  of  their  chase,  or  in  rescuing  themselves  from  situations 
of  danger  and  difficulty,  have  never  learned  anything  from  an 
approximation  to  civilized  life,  further  than  to  participate  in  its 
vices.  ‘ The  native  Americans,’  says  Ulloa,  ‘ are  so  stupid,  that 
all  the  Negroes  generally  evince  more  aptitude  at  learning  what 
it  is  attempted  to  teach  them,  and  of  which  they  never  can  attain 
a conception ; for  this  reason  the  Negroes,  though  slaves,  believe 
themselves  of  a superior  nature  to  the  Indians,  whom  they  look 
on  with  contempt,  as  incapable  of  discernment  and  reason.’* 
Their  early  concpterors,  the  Spaniards,  readily  fell  in  with  a 
doctrine  so  favourable  to  the  violence  and  cruelty  with  which 
they  were  inclined  to  treat  the  unfortunate  Americans,  who 
were,  however,  rescued  from  this  nominal  degradation,  by  the 
celebrated  bull  of  Pope  Paul  III.,  declaring  them  to  be  ‘real 
men,  and  not,  as  was  commonly  asserted,  a race  of  animals.’ 


* This  contempt  the  Indians  are  not  slow  to  return,  and  their  ideas  respect- 
ing the  relative  places  held  bv  each,  in  the  animal  scale,  are  pithily  expressed  in 
their  usual  classification : — ‘ God  made  white  man  first,  tlieu  red  man,  theu  dog, 
and  then  nigger.’ 
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The  habitation  of  these  ‘ real  men’  is  daily  becoming  more 
and  more  confined ; they  have  shrunk  from  the  proximity  of 
their  Caucasian  brethren,  whose  superior  power  and  intellect 
have  served  so  much  oftener  to  destroy  than  to  improve.  Driven 
from  almost  the  whole  of  their  Atlantic  coasts,  they  have  retired 
to  the  interior  of  the  country,  where  they  still  may  tread  the 
pathless  forest,  and  wander  by  their  mighty  streams ; in  such 
haunts  they  still  retain  their  distinctive  marks,  their  characteristic 
traits ; of  these,  we  are  convinced,  much  yet  remains  to  be 
learned;  and  observations  respecting  them  we  should  regard 
as  amongst  the  most  valuable  additions  to  anthropological 
science. 

5.  The  Malay  variety  is,  we  think,  by  many  degrees  the 
most  imperfect  of  those  which  Blumenbach  has  proposed;  in 
fact,  it  contains  all  that  he  could  not  put  into  his  other  varieties, 
forced  together  in  this  one,  though  often  exhibiting  great  dis* 
similarity  of  character,  and  the  variety,  as  it  at  present  stands, 
includes  almost  every  possible  shape  of  skull  and  form  of  body, 
from  the  noble-looking  Otaheitean,  ‘ erect  and  fair,’  whom  we 
scarcely  can  distinguish  from  a Caucasian,  to  the  black  and 
woolly-headed  Papuan,  the  near  neighbour  of  the  Xegro.  or  the 
underlimbed  Mallicollese,  whom  Dr.  Forster  describes  as  a small, 
nimble,  ill-favoured  set  of  beings,  who,  of  all  men  that  he  ever 
saw,  bordered  the  nearest  upon  a tribe  of  monkeys.  Yet  some 
of  the  three  exhibit  much  resemblance  to  the  inhabitants  of  the 
peninsula  of  Malacca,  from  whom  they  all  derive  the  common 
name,  and  who  are  described  as  of  a chestnut-colour,  varying  to 
yellowish  on  one  side,  and  deep-brown  on  the  other ; with  the 
forehead  retiring,  yet  rounded,  the  nose  large  and  thick  at  the 
extremity  (a  bottle  nose)  ; the  eyes  of  a black  colour,  elongated, 
half  closed,  and  raised  towards  the  temples ; the  cheek-bones 
moderately  prominent ; the  mouth  large,  the  upper  jaw  much 
advanced;  the  hair  thick,  curled,  long,  and  soft,  of  a colour 
always  black;  and  the  general  figure  good,  and  calculated  for 
active  exertion.  Such  is  the  description  of  the  chief  inhabitants 
of  the  Malaccan  peninsula,  and  it  certainly  rather  favours 
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M.  Virey’s  opinion,  that  the  Malays  are  a sort  of  bastard  race, 
between  the  Chinese  Mongolians,  and  the  Papuans,  whom  he 
looks  on  as  nearly  allied  to  the  Negroes.  The  gradation  cer- 
tainly is  extremely  gentle,  and  hy  steps  almost  imperceptible, 
whether  we  ascend  or  descend,  and  we  consider  this  race,  if 
taken  in  connexion  with  the  consideration  of  its  various,  yet 
similar,  dialects,  of  its  analogous  habits,  and  of  the  traces  which 
can  be  found  of  its  divergence  from  a common  point,  to  be 
that  which  goes  furthest  towards  determining  the  identity 
of  the  human  species,  under  its  several  varieties  of  form,  and 
showing  the  possibility  of  members  of  a common  stock  pre- 
senting, in  then-  physical  formation,  characters  so  widely  dif- 
ferent. ‘ These  varieties,’  says  Dr.  Prichard,  ‘ are  here  so  blended, 
and  they  appear  under  circumstances  so  clearly  identifying  the 
race,  that  we  are  prevented  from  falling  into  a suspicion,  which 
would  otherwise  arise,  that  these  different  kinds  of  people 
are  of  distinct  families.  If  their  mutual  separation  were  some- 
what more  broadly  marked,  this  hypothesis  would  have  been 
forced  on  us.  As  the  case  is,  it  would  be  scarcely  more  absurd 
to  assert,  that  the  natives  of  London  and  Edinburgh  are  distinct 
species  of  men,  than  to  maintain  a similar  pretence  with  respect 
to  the  New  Zealander  and  Otaheitean.’ 

TV  e come  now  briefly  to  consider  the  principal  differences  we 
have  pointed  out  as  existing  between  men  and  men,  and  to 
inquire  whether  they  are  of  such  magnitude,  and  of  a character 
so  unalterable,  as  to  render  it  impossible  that  all  mankind  should 
have  descended  from  a common  stock.  It  might  be  supposed 
that  the  quality  by  which  men  are  most  surely  distinguished 
from  other  animals,  would  by  its  gradations,  afford  no  had 
standard  for  ascertaining  differences  of  origin  and  breed  amongst 
themselves,  did  any  such  exist;  and,  accordingly,  the  obvious 
general  inferiority  of  the  Negro  to  the  Caucasian  has  been  much 
insisted  on,  as  a proof  that  they  could  not  have  sprung  from 
common  parents.  But  it  is  evident  that  the  character,  to  be 
specific,  must  be  invariable ; and  will  any  one  pretend  to  say, 
that  every  white  is  superior  in  intellectual  powers  to  every  black  p 
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The  assertion  would  be  ridiculous : we  have  a sufficiency  of 
individuals,  endowed  with  about  as  much  sense  as  Pope’s  lord, 
who  was  ‘ far  too  wise  to  walk  into  a well while  on  the  other 
hand,  individuals  amongst  Negro  tribes,  have  been  found  to 
exhibit  a clear  and  comprehensive  intellect,  and  to  attain  a dis* 
tinguished  proficiency  in  the  arts,  and  even  in  abstruse  science. 
H.  Gregoire  has  written  a work,  Dc  la  Litieralure  de  Xeyres, 
Paris,  1808,  in  which  he  collects  numerous  such  examples,  and 
Blnmenbach  possesses  specimens  of  English,  Dutch,  and  Latin 
poetiy,  written  by  Negro  authors.  That  skill  and  talent,  together 
with  some  of  the  higher  moral  feelings,  were  called  into  play 
during  the  revolt  which  freed  the  Haytian  republic  from  the 
French  yoke,  admits  of  no  question ; nor  has  there  been  any  lack 
of  political  sagacity  in  the  mode  in  which  it  has  been  subsequently 
governed.  Lislet,  a Negro  of  the  Isle  of  France,  was  named 
corresponding  member  of  the  French  Institute,  on  account  of  his 
meteorological  observations ; Hannibal  distinguished  himself  as  a 
colonel  of  artillery,  in  the  Bussian  service ; and  Fuller,  of  Mary- 
land, was  an  extraordinary  example  of  quickness  in  reckoning. 
Being  asked,  in  a company,  for  the  purpose  of  trying  his  powers,  _ 
how  many  seconds  a person  had  lived,  who  was  twenty-seven 
years  and  some  months  old,  he  gave  the  answer  in  a minute  and 
a half.  On  reckoning  it  up  after  him,  a different  result  was  ob-  | 
tained : ‘ Have  you  not  forgotten  the  leap  years  ?’  said  the  Negro. 
The  omission  was  supplied,  and  the  number  then  agreed  with  his 
answer. 

As  connected  with  intellectual  development,  the  form  of  the 
brain  and  skull  has  been  much  insisted  on  as  showing  a diversity 
of  species.  It  is  true  the  Negro  exhibits  a most  remarkable 
difference  in  this  respect,  from  the  Caucasian,  and  were  we 
merely  to  confine  our  view  to  these  extreme  cases,  we  should  have 
little  hesitation  in  inferring  original  distinctness. 

‘ Having  filled,’  says  hi.  Virey,  ‘ with  water,  the  cranium  of 
an  European,  and  having  poured  this  water  into  the  skull  of 
a Negro  (both  adults),  I found,  in  a'  first  experiment,  that  the 
head  of  the  European  contained  four  ounces  and  a half  more 
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liquid  than  that  of  the  Negro.  Another  experiment,  on  other 
skulls,  gave  me  nine  ounces  more  capacity  in  the  white  than  the 
black.  I have  also  observed  that  the  head  of  a man,  whether 
black  or  white,  contains  two  or  three  ounces  more  water  than  the 
head  of  them  respective  females.’ 

This  difference  in  capacity  is  attended,  as  a reference  to  our 
descriptions  will  show,  by  a no  less  striking  difference  of  form, 
but  neither  of  these  is  permanent : our  Pole,  already  mentioned, 
with  his  rapidly-retreating  forehead,  of  course,  lost  sadly  in 
capacity ; while,  on  the  other  hand,  the  celebrated  Abbas 
Gregorius,  to  the  black  complexion  and  crisp  hair  of  the  Ethio- 
pian, added  a perpendicular’  forehead,  and  well-developed  brain, 
that  would  have  done  honour  to  any  Caucasian.  But  when  we 
come  to  consider  the  connecting  links,  and  take  into  account  the 
conformation  of  intermediate  tribes,  the  difference  totally  dis- 
appears through  each  progressive  step,  and  we  find  an  assemblage 
of  skulls,  diverging,  as  it  were,  from  the  Caucasian  in  the  centre, 
on  the  one  side  towards  breadth  and  squareness,  terminating 
through  the  American  in  the  Mongolian,  or  on  the  other  side 
towards  narrowness,  depression,  and  contraction,  already  in- 
cipient in  some  of  the  Caucasian  race,  more  observable  in  the 
Otaheitean  form,  increasing  through  the  various  Polynesian  and 
Papuan  tribes,  until  we  arrive  at  the  savage  inhabitants  of  New 
Guinea,  Louisiana,  or  New  Caledonia,  in  whom  the  projecting 
muzzle,  the  retiring  forehead,  the  narrow  skull,  the  black  skin, 
the  hair  all  but  woolly,  and  the  nose  all  but  flattened,  offer  such 
striking  proximity  to  the  Negro  form,  as  to  defy  all  attempts  at 
constituting  them  a separate  species. 

Our  analogical  argument  conducts  exactly  to  the  same  con- 
clusion. The  skull  of  the  wild  boar  differs  widely  from  that  of 
the  domestic  pig,  yet  they  are  allowed  to  be  of  the  same  species. 
The  different  breeds  of  horses  and  dogs  present  remarkable 
varieties  in  the  shape  of  the  skull,  and,  adds  Mr.  Lawrence,  ‘ the 
very  singular  form  of  the  skull  in  the  Paduan  fowl,  is  a more 
remarkable  deviation  from  the  natural  structure,  than  any  varia- 
tion which  occurs  in  the  human  head.’  Equally  little  can  com- 
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binations  of  features,  hair,  and  complexion,  be  adduced  as  decisive 
marks  of  original  difference.  The  Tibboos,  so  accurately  depicted 
and  so  well  described  by  Captain  Lyons,  present  few  peculiarities 
of  the  African  race,  except  the  black  complexion.  Their  features 
and  form  are  nearly  European,  and  their  hair,  though  curled,  and 
somewhat  frizzled,  is  not  woolly.  Some  of  the  Kafirs,  on  the 
other  hand,  have  the  woolly  head  and  black  complexion,  but  the 
conformation  and  general  figure  still  European,  while  others,  of 
this  same  tribe,  present  perfectly  the  features  of  the  Negro. 
How  is  it  possible  to  draw  a line  here  ? Again,  ‘ Other  in- 
stances have  been  mentioned,’  says  Dr.  Prichard,  ‘ in  which  the 
black  colour  is  combined  with  Negro  features,  while  the  hair  is 
more  like  that  of  Europeans.’  In  Albinoes  the  features  are 
Negro,  the  hair  long  and  soft,  and  the  skin  perfectly  white: 
these  Albinoes  may  be  the  children  of  Negro  parents,  and  may, 
in  their  turn,  have  Negro  children.  Yet  these  are  among  the 
races,  for  which  Voltaire  would  have  us  establish  a distinct 
original  stock ! The  singular  facility  with  which  some  men 
believe  everything  that  seems  to  contradict  the  Scriptural  account, 
contrasts  strangely  with  their  obstinate  scepticism  regarding 
anything  that  may  give  it  support. 

The  difference  of  hair  is  perfectly  tririal : every  one  knows 
that  the  same  race  of  sheep  bear  hair  in  one  country  and  wool  in 
another.  In  our  own  country,  a mixture  of  hair  will  appear  in 
the  fleece  of  such  as  are  neglected;  by  breeding  from  such 
animals,  we  should  soon  get  a race  entirely  hairy,  but  as  this  is 
not  our  object,  we  generally  adopt  the  reverse  plan,  reject  those 
in  which  hair  has  appeared,  and  thus  get  a race  perfectly  woolly. 

The  colour  of  the  hair  is  equally  unimportant.  It  is  gene- 
rally black  in  the  dark  races  of  men,  and  it  is  only  amongst  Cau- 
casians that  it  is  found  fair,  auburn,  or  red.  But  to  this  also 
there  are  exceptions.  The  hair  is  universally  black  amongst  the 
Hindoos,  whom  we  must  look  on  as  nearly  allied  to  the  Japhetic 
race,  while  Winterbottom  found  it  red  in  Africans  and  Mulattoes. 
Sonnerat  reports  the  same  of  some  Papuans.  Forster  found 
individuals  with  yellowish,  brown,  or  sandy  hair,  at  Otaheite, 
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and  Pallas  mentions  instances  of  the  same  kind  amongst  the 
Mongolian  tribes ; though,  he  remarks,  they  were  very  rare.  In 
animals,  more  particularly  such  as  have  come  under  the  influence 
of  domestication,  colour  is  allowed  to  he  of  no  avail  in  deter- 
mining species. 

The  pigs  of  Piedmont  are  all  black,  and  those  of  Normandy 
all  white,  yet  no  one  supposes  them  of  different  species ; Dr. 
Buchanan  found,  in  Mysore,  three  varieties  of  colour  in  sheep, 
red,  black,  and  white,  ‘ and  these  are  not  distinct  breeds but 
further,  in  the  Arctic  regions  the  same  animal  will  be  white  at 
one  season,  and  black  at  another ; which  puts  colour,  as  a crite- 
rion, totally  out  of  the  question. 

Size  cannot  for  a moment  he  proposed : we  all  know  what 
differences,  in  this  respect,  may  occur,  even  in  members  of  the 
same  family,  and  there  is  not  one  of  the  five  varieties  we  have 
specified,  in  which  certain  tribes  may  not  he  distinguished  from 
others  by  their  height,  without  any  one  having,  on  that  account, 
thought  of  assigning  them  a different  origin.  The  pigs  in  Cuba 
have  grown  to  twice  the  size  of  their  ancestors,  imported  by  the 
Spaniards  ; and  do  any  two  races  of  men  differ  so  much,  in  this 
respect,  as  the  great  dray-horse  of  Flanders  from  the  little  Cin- 
galese ponies,  which  do  not  exceed  thirty  inches  in  height? 

Certain  other  characters  have  been  mentioned,  which  appear 
to  us  equally  inadequate.  Of  the  facial  angle,  adopted  by  M. 
"V  irey,  we  have  already  spoken.  Desmoulins  asserts  the  specific 
difference  of  the  Guanches,  because  ‘ the  fossa  at  the  end  of  the 
humerus  for  the  reception  of  the  olecranal  process  of  the  ulna, 
which  in  us  is  only  a deep  hollow  or  pit,  is  in  them  a hole, 
opening  quite  through  the  hone.’  But  M.  Desmoulins  does  not 
condescend  to  say  on  how  many  individuals  he  has  verified  this 
fact : whether  his  observations  are  confined  to  one  or  two,  which 
is  probable,  as  Guanche  skeletons  do  not  abound  in  Paris,  or  if 
more  extensive,  whether  they  admitted  of  any  exception.  Until 
he  mentions  these  facts,  we  can  by  no  means  allow  his  character 
to  be  of  the  slightest  value,  as  he  must  well  know  the  transfor- 
mation of  a notch  into  a foramen,  or  the  opening  a foramen  into 
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a notch,  or  the  closing  a furrow  by  a bony  sheath,  so  as  to 
change  it  into  a channel,  are  among  the  most  ordinary  varieties 
met  with  in  the  skeleton : and  no  man  lias  made  a dozen  dis sec- 
tions, who  has  not  found  the  frontal  branch  of  the  ophthalmic 
nerve  passing  at  one  time  through  a hole,  at  another  through  a 
notch,  or  seen  at  the  bottom  of  the  orbit ; another  branch  of  the 
fifth  pair,  now  running  in  a groove,  and  again  arched  over  with  a 
thin  plate  of  hone : nay,  who  has  not  seen  a canal  on  one  side, 
and  a furrow  at  the  other,  of  the  very  same  skeleton.  How  hi. 
Desmoulins,  for  whose  anatomical  talents  we  have  all  proper 
respect,  could  have  attached  any  importance  to  a point  so  utterly 
trivial,  is  truly  astonishing ; we  can  only  account  for  it  by  the 
poet’s  rule,  ‘ Sua  dira  cupido  fit  Deus  cuique.’  Scemmering  had 
observed  a difference  in  form  between  the  stomach  of  the  Xegro 
and  that  of  the  European,  hut  had  not  thought  this  of  sufficient 
weight  to  he  quoted  as  a proof  of  specific  difference.  What  he, 
however,  left  undone,  another,  assuming  the  fact  without  ac- 
knowledgment, has  attempted  for  him.  ‘I  had  frequently 
observed,’  says  Mr.  Madden,  in  his  Travels  in  Turkey.  Arc., 
‘ that  the  exhibition  of  an  emetic  to  the  Xegro  soldiers,  was  often 
attended  with  convulsions,  and  even  death : on  further  inquiry, 
I found  that  these  remedies  iifvariably  produce  distressing  effects 
on  all  the  black  people  of  Dongola  and  Sennaar : on  examining 
the  body,  I found  the  stomach  different  from  that  organ  in  white 
people,  both  in  size  and  structure.  As  the  difference  has  not 
been  noticed  hitherto,  I am  free  to  acknowledge  that  the  appear- 
ance I observed  might  be  the  consequence  of  disease,  and  not 
its  natural  state ; but,  as  I remarked  the  same  especial  difference 
in  three  cases,  I think  I am  warranted  in  the  supposition  that  the 
smallness  of  the  Hegro’s  stomach,  and  the  peculiar  corrugation 
of  their  folds,  are  no  less  distinct  marks  of  that  race  than  their 
thick  cranium  and  prominent  cheek-bones.’  The  number  of 
Mr.  Madden’s  observations  is  truly  astonishing;  but  without 
resorting  to  the  supposition  of  a distinct  race,  we  do  not  find  it 
very  strange,  that  when  people  have  died  after  severe  vomiting, 
their  stomachs  should  he  small  and  corrugated:  were  size  of 
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stomach  to  be  admitted  as  a standard  of  species,  there  is  little 
doubt  the  London  aldermen  might  claim  an  Adam  for  them- 
selves. 

Mr.  Madden,  however,  has  another  proof:  ‘I  discovered, 
likewise,  a difference  in  the  skeleton  in  two  of  these  cases,  each 
having  six  vertebrae  of  the  loins,  instead  of  five : and  upon  ex- 
amining the  spines  of  many  living  Negroes,  I find  the  occur- 
rence of  six  lumbar  vertebra)  very  frequent.  This  accounts  for 
the  extraordinary  length  of  the  lumbar  part  of  the  back  in  so 
many  Negroes.  That  they  are  a distinct  race,  I think,  is  evi- 
dent from  these  and  other  peculiarities.’  It  is  equally  evident, 
if  this  standard  be  of  any  avail,  that  two  of  the  Negroes  above 
mentioned  were  of  a different  race  from  the  third,  and  that  as 
the  occurrence  is  only  very  frequent,  it  is  not  universal.  But 
further,  six  lumbar  vertebra)  may  be  found  in  a long-backed 
white,  as  well  as  in  a long-backed  Negro ; and  a skeleton  of  a 
man  seven  feet  three  inches  high,  in  the  museum  of  the  late 
Professor  Budolphi,  is  expressly  stated  by  him  to  exhibit  this 
perfectly  accidental  variety.* 

The  fact  is,  all  our  differences  are  superficial,  and  of  that 
kind  which  Cuvier  has  shown  to  be  most  easily  produced  by 
accidental  variations  in  external  influences,  in  nutrition,  and 
generation.  And  this  is  honestly  admitted  by  our  most  deter- 
mined, ( we  regret  to  say,  in  many  instances,  our  most  unneces- 
sarily profane ),  opponent.  Colonel  Bory  de  Saint  Vincent. 

‘ Before  commencing  the  examination  of  each  of  these  species,’ 
he  says,  ‘ we  must  confess,  that  to  establish  their  characters  in 
an  unquestionable  manner,  many  anatomical  details  are  still 
wanting.  We  have  been  obliged  to  stop  too  often  at  simple 
external  differences,  though  at  the  same  time  we  feel  convinced 
that  it  is  necessary  to  descend  deeply  into  the  organization  of 


* The  fact  may,  indeed,  be  found  stated  even  in  elementary  anatomical 
works  ; thus,  in  the  edition  of  Cloquet’s  Anatomic  Descriptive , by  Dr.  Knox,  wo 
read,  * It  not  unfrequently  happens  that  the  number  of  ribs  is  found  to  vary. 
There  are  never,  however,  more  than  thirteen  or  less  than  eleven.  When  the 
number  of  ribs  is  thus  increased  or  diminished,  the  same  phenomenon  is  observed 
■with  respect  to  the  dorsal  vertebra:  * 


412 


OF  MAX,  AND  TIIE 


beings,  to  distinguish  them  invariably  from  one  another.  In 
certain  cases,  we  have  found  ourselves  reduced  to  seek  rather  in 
the  accumulation  than  in  the  real  value  of  differences,  the  bases 
of  our  labour.  But  an  instinctive  conviction  tells  us  that  future 
observations  will  confirm  the  arrangement  which  we  have  in- 
stituted.’ ( Bory  de  St.  Vincent.  L'  Homme.) 

We  have  too  high  a respect  for  instinctive  convictions  to 
attempt  answering  them  ; meantime,  we  wish  to  put  it  on  record 
that  Colonel  Bory  de  St.  Vincent’s  division  of  the  human  race 
into  fifteen  distinct  species,  the  object  of  so  many  independent 
creations,  rests  on  an  instinctive  conviction  that  its  truth  will 
be  established  by  future  observers. 

We  may  add,  that  those  who  most  earnestly  contend  for  the 
formation  of  many  Adams,  can  by  no  means  agree  amongst 
themselves  as  to  the  necessary  number.  M.  Virey  is  content 
until  two ; M.  Desmoulins  at  first  was  satisfied  with  eleven,  but 
in  his  last  work,  cannot  do  with  less  than  sixteen ; fifteen  we 
have  seen  suffice  for  Colonel  Bory  de  St.  Vincent,  while  Rudolphi 
gives  up  the  question  as  incapable  of  solution. 

We  shall,  as  regards  this  point,  make  but  one  more  obser- 
vation. Animals  are  all  subject  to  variation  in  a greater  or 
lesser  degree, — this  degree  may  be  estimated  by  the  extent  to 
which  they  have  been  made  the  companions  and  servants  cf 
man, — and  varieties  originating  in  this  icay  become  permanent 
by  descent.  Prom  circumstances  of  this  kind,  cats  exhibit  a 
long  and  silky  hair ; oxen  become  long-horned  or  without  horns, 
or  display  a peculiar  colour,  or  develope  a fatty  hump  on  the 
back,  which  they  preserve  even  when  transported  to  a different 
climate;  sheep  become  hairy  or  woolly,  or  have  spiral  horns  or 
fat  tails  ; the  domestic  hog  loses  its  tusks,  becomes  short-legged 
in  one  place  and  long-legged  in  another,  exhibits  a solid  hoof, 
or  three  toes,  or  two  of  monstrous  appearance,  half  a span  in 
length ; while  the  varieties  of  the  dog  are  almost  endless,  and 
even  run  so  far  as  the  development  of  an  additional  toe  on  the 
hind  foot,  with  a tarsal  bone  to  correspond,  as  we  see  occasion- 
ally six-fingered  families  among  the  human  kind.  Shall  it  then 
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be  said,  that  all  these  animals  are  to  be  subject  to  variation  and 
alteration,  and  that  in  the  direct  ratio  in  which  they  are  brought 
within  the  influence  of  domestication  and  cultivation,  but  that 
man  alone,  who,  far  beyond  them  all,  is  subject  to  these  influences, 
must  remain  ‘ unchanged  and  unchangeable,’  or  that  every 
deviation  from  an  ideal  standard  must  be  set  down  to  an  original 
specific  difference  instituted  at  the  creation,  and  since  handed 
down  ? The  supposition  is  incredible : — we  have  closed  this 
part  of  our  subject. 

Bespeeting  the  causes  of  variety,  we  shall  speak  briefly,  as 
they  are  known  imperfectly.  Dr.  Prichard  has  laid  down  and 
confirmed  by  very  numerous  examples,  the  principle  that 
changes  produced  by  external  causes  in  the  appearance  or  con- 
stitution of  the  individual,  are  temporary,  terminate  with  the 
individual,  and  are  not  propagated  to  his  posterity : such,  there- 
fore, can  never  produce  a permanent  variety.  But,  peculiarities 
bom  with  the  individual,  and  thus  forming  part  of  his  original 
constitution,  are  transmitted  by  descent,  and  if  his  posterity 
were  by  any  circumstances  so  isolated,  as  that  intermarriages 
amongst  themselves  became  necessary,  the  new  peculiarity 
would  in  a few  generations  become  permanent,  and  in  this  way  a 
variety  be  produced. 

The  first  of  these  propositions  is  in  direct  opposition  to  the 
common  opinion  that  climate  is  the  cause  of  variety.  Nothing 
can  be  more  erroneous,  and  scarce  anything  more  universally 
spread,  than  this  belief.  We  find  it  in  authors  ancient  and 
modern ; we  find  it  in  Herodotus,  in  Strabo,  and  Pliny ; we  find 
it  in  Smith,  in  Blumenbach,  and  Buffon,  assigned  by  turns  as 
the  cause  of  the  dark  complexion  or  the  woolly  hair;  nay,  Volney 
has  even  gone  so  far  as  to  suppose  it  will  account  for  the  form  of 
the  features.  ‘ J’observe,’  says  the  last,  ‘ que  la  figure  des 
Negres  represente  precisement  cet  etat  de  contraction  quo  prend 
notre  visage  lorsqu’il  est  frappe  par  la  lumiere  et  uno  forte 
reverberation  de  chaleur.  Alors  le  soureil  se  ferine ; la  pomme 
des  joues  s’eleve,  la  paupiere  se  serre ; la  bouehc  fait  la  moue. 
Cette  contraction,  qui  a lieu  perpetuellement  dans  la  peau  nud  et 
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chaud  des  Negres,  n’a-t-elle  pas  du  devenir  le  caractere  propre  de 
leur  figure  P’  The  reasonings  of  a gentleman  whose  observa- 
tions on  Egypt  have  only  just  seen  the  light,  complete  11.  Yol- 
ney’s  picture  in  the  only  part  which  he  left  unfinished.  ‘ The 
effect,’  says  Mr.  St.  John,  ‘ of  the  climate  of  Egypt  upon  the  hair, 
is  remarkable.  My  own  heard,  which  in  Europe  was  soft  and 
silky,  and  almost  straight,  began  immediately  on  my  arrival  at 
Alexandria  toburl,  to  grow  crisp,  strong,  and  coarse,  and  before  I 
had  reached  Es-Souan  resembled  horse-hair  to  the  touch,  and 
was  all  disposed  in  ringlets  about  the  chin.  This  is  no  doubt  to 
he  accounted  for,  by  the  extreme  dryness  of  the  air,  which, 
operating  through  several  thousand  years,  has  in  the  interior 
changed  the  hair  of  the  Negro  into  a kind  of  coarse  wool.’ 

But  however  numerous  the  names  by  which  such  theories  are 
supported,  we  feel  not  the  least  hesitation  in  pronouncing  them 
erroneous,  when  we  find  them  contradicted  by  undoubted  facts. 
The  tropical  regions  of  Asia  and  America  are  to  the  full  as  hot  as 
the  regions  of  southern  Africa,  yet  their  inhabitants  have  hair  as 
smooth  and  flowing  as  ours.  It  is  true,  that  in  a general  way,  it 
may  he  asserted,  that  colour  deepens  as  we  approach  the  Line, 
and  Buffon  has  taken  care  to  make  the  most  of  this  fact : ‘ The 
heat  of  the  climate,’  he  says,  ‘ is  the  principal  cause  of  colour : 
when  the  heat  is  excessive,  as  in  Senegal  and  Guinea,  then  men 
are  altogether  black ; when  it  is  a little  less  intense,  as  on  the 
northern  coasts  of  Africa,  men  are  less  black;  when  it  com- 
mences to  become  more  temperate,  as  in  Barbary,  Mongolia, 
Arabia,  men  are  only  brown ; and  finally,  when  it  is  quite  tem- 
perate, as  in  Europe  and  Asia,  men  are  white.’  Had  he  pin-sued 
his  subject  a little  further,  he  would  soon  have  found  how  un- 
tenable was  his  idea. 

The  Esquimaux,  the  Greenlanders,  the  Samoiedes,  and  other 
tribes  surrounding  the  pole,  are  of  a deep  tawny  colour,  though 
their  very  moderate  portion  of  sun  should  have  left  them  de- 
licately fair;  and  the  inhabitants  of  New  Guinea,  New  Britain, 
New  Ireland,  Ac.,  present  much  deeper  shades  of  black  than 
could  be  at  all  accounted  for  by  their  situation  relative  to  the 
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Equator.  Madagascar  is  inhabited  by  two  races  of  men,  one 
black,  the  other  only  olive,  yet  they  certainly  undergo  the  same 
degrees  of  temperature ; but  the  theory  is  at  once  upset  by  a re- 
ference to  the  blew  World,  in  which  all  the  inhabitants  exhibit  the 
most  remarkable  uniformity  in  their  red  or  copper-coloured  tint, 
always  excepting  the  Esquimaux  and  tribes  farthest  north,  who 
show  the  darkest  complexion.  It  is  true,  indeed,  as  every  one 
knows,  that  exposure  to  sun  and  air  deepens  the  colour  of  the  in- 
dividual ; but  it  remained  for  Dr.  Prichard  to  observe,  that  the 
effect  ceased  with  the  individual,  and  was  not  propagated  to  his 
offspring.  Of  this  there  can  be  no  doubt.  The  children  of  the 
Moors  and  their  women,  who  are  constantly  confined  to  the 
house,  are  as  delicately  fair  as  any  Europeans ; the  same  may  be 
said  of  the  children  of  the  English  in  the  West  Indies,  where, 
nevertheless,  they  have  been  settled  so  long  a time;  and  Dr. 
Buchanan  found  at  Cochin,  on  the  Malabar  coast,  Jews  whose 
documents  proved  them  to  have  been  located  there  more  than 
fourteen  hundred  year's,  and  yet,  having  kept  themselves  distinct, 
they  resembled  in  every  respect,  both  of  feature  and  complexion, 
theh  European  brethren.  Were  any  further  proof  required,  of 
how  little  the  sun  has  to  do  in  producing  intensity  of  national 
colour,  it  might  be  found  in  the  fact  noticed  at  the  Sandwich  Is- 
lands by  M.  Charis,  ‘that  the  most  delicate  young  girl,  the  least 
exposed  to  the  effects  of  climate,  is  black ; while  the  men  con- 
stantly obliged  to  work  under  the  rays  of  the  sun,  are  almost 
an  oranrje  colour to  which  we  may  add  Dr.  Prichard’s  testi- 
mony, that  the  domestic  Negroes  who  are  protected  from  the 
heat  of  the  sun  by  more  clothing,  and  who  pass  their  time  in 
sheltered  houses,  are  of  a darker  complexion  than  the  slaves  who 
labour  half-naked  in  the  fields. 

This  point  being  settled,  we  turn  to  the  second  proposition, 
namely,  that,  * All  original  or  connate  peculiarities  of  body  are 
hereditary,’  and  of  this  we  have  the  most  ample  proof  in  the 
propagation  of  peculiar  breeds  of  animals.  Every  one  knows 
that  from  a hornless  bull  and  cow  you  will  get  a calf  which  never 
shall  have  horns ; that  an  Arab  horse  and  mare  will  breed  an 
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Arab  colt ; that  your  short-legged  Chinese  pigs  will  not  give  you 
a farrow  of  the  long-legged  Norman  kind;  nor  your  prick ed-earrd, 
rough-haired  cur  a degenerate,  dwindled  lap-dog,  with  its  pendant 
flaps  and  silky  coat.  In  the  human  species,  also,  proofs  are 
abundant.  Each  peculiar  variety  propagates  itself  with  all  its 
peculiarities,  and  in  every  circumstance  of  climate,  food,  soil, 
or  other  external  influence.  Negroes  are  horn  in  Europe, 
Caucasians  in  India,  white  races  in  warm  climates,  and  dark 
races  in  cold.  Innumerable  instances  of  the  tendency  of  the 
child  to  resemble  the  parents  are  well  known  and  authenticated. 
The  thick  upper-lip  has  been  in  the  Austrian  family  for  cen- 
turies; a nose,  as  Washington  Irving  pleasantly  observes,  may 
he  found  to  repeat  itself  through  a whole  long  gallery  of  family 
pictures ; six-fingered  families  have  been  known  to  preserve  their 
distinctive  mark  for  several  generations ; and  there  was  lately 
in  London,  a man  whose  skin  is  beset  by  numerous  warty  and 
horny  excrescences,  and  who  is  the  fourth  in  descent  from  the 
person  originally  marked  with  this  unpleasant  distinction,  and 
known  to  every  one  under  the  name  of  ‘ the  Porcupine  Man.’ 

In  short,  it  seems  a general  law,  that  all  animals  shall  be  born 
with  a resemblance  to  the  original  state  of  their  parents:  a 
butterfly  must  first  be  a grub,  because  the  parent  butterfly  was 
so ; and  the  young  frog  must  first  be  a fish,  before  it  rises  to  the 
rank  of  a reptile.  Occasional  deviations  from  this  law  occur: 
when  they  are  great  they  constitute  monstrosities ; when  slight, 
varieties ; but  in  each  case  they  are  the  result  of  some  impression 
or  change  wrought  on  the  ovarium  during  conception,  or  its 
subsequent  foetal  existence ; and  the  imperfection  of  our  know- 
ledge of  the  mysteries  of  generation  and  growth  is  the  true 
cause  why  we  are  unable  fully  to  appreciate  the  nature  of  these 
changes,  and,  therefore,  the  true  origin  of  varieties.  As  the 
subject,  however,  is  of  extreme  interest,  we  shall  venture  a few 
words  respecting  it,  premising  that  they  cannot  be  looked  on  as 
at  all  interfering  with  the  former  parts  of  our  argument,  which 
must  depend  on  the  proofs  there  adduced,  but  must  be  considered 
merely  as  an  attempt  to  show  how  certain  of  these  varieties 


VAEIETIES  OF  THE  HUMAN  SPECIES.  417 

might  have  arisen  from  certain  natural  causes,  and  thus  the 
different  conditions  of  men  have  been  produced. 

One  of  the  commonest  causes  of  monstrosity,  as  laid  down 
by  Haller,  and  since  illustrated  by  Meckel,  is  arrest  of  develop- 
ment, that  is,  the  cessation  of  growth  in  any  particular  organ, 
while  the  rest  advance  towards  their  usual  standard : this,  it  is 
evident,  may  he  caused  by  accidental  pressure  on  the  vessels 
leading  to  that  organ. 

W e owe  to  M.  Serres  the  very  interesting  remark,  that  the 
brain  of  the  Caucasian,  in  arriving  at  its  full  development,  repre- 
sents transitorily  the  forms  which  in  the  Negro  and  Mongolian 
are  permanent. 

Now  let  us  suppose  that  when  the  brain  was  in  either  of 
those  phases,  arrest  of  development  had  taken  place,  a man 
would  have  been  bom  with  either  the  Negro  or  Mongolian  cere- 
bral formation. 

It  will  be  remembered  that  we  stated  the  Caucasian,  the 
Mongolian,  and  the  Negro,  to  he  the  three  primary,  or  best- 
marked  varieties,  and  that  this  opinion  was  also  held  by 
Cuvier. 

Having  shown  how  one  individual  may  have  been  produced, 
the  next  question  is,  as  to  the  probability  that  his  peculiarities 
would  be  continued. 

The  most  satisfactory  reply  to  this  question  is  afforded  by 
the  facts  connected  with  the  origin  of  a new  variety,  or  breed  of 
sheep,  as  detailed  by  Colonel  Humphreys  in  the  Philosophical 
Transactions  for  1813. 

In  the  year  1791,  one  of  the  ewes  on  the  farm  of  Seth 
Wright,  in  the  State  of  Massachusetts,  produced  a male  lamb, 
which,  from  the  singular  length  of  its  body,  and  shortness  of 
its  legs,  received  the  name  of  otter- breed.  From  the  curvature 
of  its  fore-legs,  which  caused  them  to  appear  like  elbows  when 
the  animal  was  walking,  Dr.  Shuttack  termed  it  ancon* 

This  physical  conformation,  incapacitating  the  animal  from 


* From  ’Ayiaov,  an  elbow. 
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leaping  fences,  appeared  to  the  farmers  about  so  desirable,  that 
they  wished  it  continued.  Wright  determined  on  breeding 
from  this  ram,  and  the  first  year  obtained  only  two,  with  the 
same  peculiarities.  The  following  years  he  obtained  greater 
numbers,  and  when  they  became  capable  of  breeding  with  one 
another,  a new  and  strongly  marked  variety,  before  unknown 
to  the  world,  ivas  established. 

In  this  case  we  see  a variety,  originating  by  accident,  per- 
petuated by  cultivation,  that  is,  by  constantly  uniting  indi- 
viduals marked  with  the  same  peculiarities. 

This  could  not  be  arbitrarily  done  for  the  human-kind,  but 
it  might  be  brought  about  by  the  force  of  circumstances.  Dr. 
Prichard  has  shown  that  there  is  a tendency*  to  the  repetition 
of  a variety  which  has  once  occurred ; thus,  there  are  generally 
more  Albinoes  than  one  in  the  same  family. 

Were,  then,  a family,  in  which  any  of  the  above  peculiarities 
had  a tendency  to  occur,  isolated  from  the  general  stock,  so  as 
to  necessitate  frequent  intermarriages  of  its  members,  their 
peculiarities  would  be  repeated,  propagated,  and,  in  a few  genera- 
tions, rendered  permanent. 

But  this  isolation  could  only  take  place  when  the  world  was 
thinly  inhabited,  and  a wide  space  intervened  between  family  and 
family. 

Any  peculiarity  occurring  now-a-days  speedily  merges  by 
intermixture,  and  returns  to  the  common  standard. 

Reverting,  then,  to  the  objection  started  at  the  beginning  of 
our  article,  it  is  perfectly  clear  that  the  circumstances  there 
alluded  to  are  not  the  true  cause  of  the  propagation  of  a pecu- 
liarity, though  they  might  have  some  influence  on  its  produc- 
tion; on  the  contrary,  that  this  propagation  into  permanent 
varieties  could  only  have  occurred  at  the  time  to  which  it  is 
referred. 


* The  existence  of  this  tendency  was  strongly  exemplified  in  the  mare,  which 
having  once  conceived  by  a quagga,  had  afterwards  no  less  than  three  or  four 
foals  begotten  by  different  horses,  yet  all  exhibiting  more  or  less  of  the  quagga 
form. 
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One  word  more:  the  varieties,  as  we  have  shown,  are  of  the 
simplest  kind,  and  obey  the  simplest  law,  that  of  arrest  of  deve- 
lopment. Had  a six-fingered  family  then  originated,  they 
would,  with  equal  certainty,  have  been  propagated,  and  we 
should  now  have  a six-fingered  race,  whom  those  reasoners, 
would,  doubtless,  set  down  at  once  as  a clearly  distinct  species, 
and  the  grounds  for  so  doing  would  be  infinitely  stronger  than 
any  that  now  exist.  For  every  anatomist  will  admit,  that  the 
development  of  an  additional  finger,  with  its  additional  pha- 
langes and  metacarpal  bones,  its  additional  arteries  and  muscles, 
and  nerves,  and  integuments,  is  a far  greater  deviation  from  the 
normal  standard,  than  a simple  deficiency  in  the  development  of 
any  part,  a want  of  its  arriving  at  its  full  growth.  But,  such 
varieties  as  the  former  do  appear  amongst  us  even  now,  though, 
from  the  causes  already  mentioned,  they  have  not  become  per- 
manent, therefore,  a fortiori,  such  varieties  as  the  latter  may 
have  appeared,  and,  not  being  subjected  to  the  same  causes, 
would,  as  we  have  shown,  have  become  permanent. 

It  is,  therefore,  contrary  to  anatomy,  physiology,  and  analogy, 
the  surest  tests  which  we  can  apply,  to  consider  the  existing 
varieties  of  the  human-kind  as  different  species. 

Therefore,  according  to  the  best  grounds  upon  which  we  can 
reason,  all  men  are  descended  from  one  common  stock. 


THE  END. 
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Astronomy.  Recreations  in  Astronomy,  by  the  Rev.  Lewis 

Tomlinson,  M.A.  With  Illustrations,  is.  6a. 

Bacon’s  Advancement  of  Learning.  Carefully  Revised,  from 
the  first  Copies,  with  References  to  Works  quoted,  and  a few  Notes.  By 
T.  Markby,  M.A.  2s. 

Bible  Geography.  A Hand-Book  of  Bible  Geography ; con- 
taining (in  Alphabetical  Order)  a Brief  Account  of  the  chief  Places  men- 
tionedin  the  Old  and  New  Testaments.  With  Twelve  Maps,  ‘is. 
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Bible  Maps,  with  Memoirs,  and  an  Index  of  Scriptural  and 

Modem  Names;  forming  a complete  Atlas  of  Scripture  Geography,  by 
William  Hughes,  F.B.G.S.  The  Maps  coloured.  Cheaper  Edition,’  5 ». 

Bible  Maps  for  Schools.  3s.  sewed. 

*Bible  Word  Book;  or,  tbe  Rudiments  of  English  Grammar 

taught  by  the  Words  of  the  Old  and  New  Testament,  classed  according 
to  the  Parts  of  Speech,  and  arranged  according  to  the  number  of 
Syllables.  Is. 

Biographical  Sketches.  With  Illustrations.  Is.  4 d. 
^Biography.  Headings  in  Biography ; a Selection  of  the  Lives 

of  Eminent  Men  of  all  Nations.  Cheaper  Edition.  3*.  (id. 

*Birds.  The  Book  of  Birds,  with  Illustrations.  Is.  6 d. 
Birds.  A Familiar  History  of  Birds,  their  Nature,  Habits,  and 

Instincts,  by  E.  Stanley,  Lord  Bishop  of  Norwich.  Cheaper  Edition. 
With  118  Illustrations.  3s.  6d. 

*Botany.  The  Elements  of  Botany,  with  Illustrations.  Cheaper 

Edition.  Is. 

British  Church.  An  Outline  of  the  History  of  the  British 

Church  to  the  period  of  the  Deformation.  Is.  6 d. 

Butler.  Memoirs  of  the  Life,  Character,  and  Writings  of  Bishop 

Butler,  by  T.  Bartlett,  M.A.,  Rector  of  Kingstone.  With  Portrait.  IS*. 

*Calendar.  The  Book  of  the  Calendar,  the  Months  and  the 

Seasons.  2s.  See  Instructor,  Yol.  IV. 

^Colliery  Tale,  or  Village  Distress.  3 A 

Columbus.  The  Life  and  Voyages  of  Christopher  Columbus, 

and  his  Discovery  of  the  New  World.  With  Illustrations.  2s.  6d. 

Chemistry,  Outlines  of,  by  T.  Griffiths.  KM 

Christian  Evidences.  Introductory  Lessons  on  Christian  Evi- 

dences. 6 d. 

Christians.  The  Early  Christians;  their  Manners  and  Customs, 

Trials  and  Sufferings,  by  the  Rev.  W.  Pridden,  M.A.  4*. 

*Christians.  Lives  of  Eminent  Christians,  by  R.  B.  Hone, 

M.A.,  Archdeacon  of  Worcester.  Four  Volumes,  with  Portraits, 

4 a.  6<i.  each. 

*Christmas  Carols  (with  Music) ; a Series  of  Original  Sacred 

Songs,  suitable  for  the  Festival  of  Our  Lord's  Nativity;  adapted  to 
Select  Music,  and  to  various  National  Airs;  arranged  for  one,  two,  and 
three  Voices,  with  Accompaniments  for  the  Piano-Forte.  4*. 


EDUCATIONAL  BOOKS 


PUBLISHED  BY 

JOHN  W.  PARKER  AND  SON,  WEST  STRAND. 


BIBLE  WORD  BOOK.  Is. 

BIBLE  SPELLING  BOOK.  Two  Parts,  Ad.  each. 

EASY  GRAMMAR  FOR  CHILDREN.  By  a Lady.  9d. 

ENGLISH  GRAMMAR  of  Chester  Diocesan  Schools.  3d. 
RUSSELL’S  ENGLISH  GRAMMAR.  Is.  6<f. 

LITTLE  READING  BOOK.  With  many  Cuts.  4 d. 

EASY  POETRY  for  CHILDREN.  Is. 

THE  INSTRUCTOR.  Seven  Volumes,  2s.  each. 

Yol.  I.  TALES,  CONVERSATIONS,  and  LESSONS  from  HISTORY.— 
II.  HOUSES,  FURNITURE,  FOOD,  and  CLOTHING.— III.  The  UNIVERSE. 
— IV.  The  CALENDAR,  MONTHS,  and  SEASONS.  — V.  DESCRIPTIVE 
GEOGRAPHY.— VI.  ANCIENT  HISTORY.— VII.  MODERN  HISTORY. 


OUTLINES  OF  THE  HISTORY  OF  ENGLAND.  Is. 

OUTLINES  OF  THE  HISTORY  OF  IRELAND.  Is. 

OUTLINES  OF  THE  HISTORY  OF  FRANCE.  Is.  3d. 
OUTLINES  OF  ROMAN  HISTORY.  10J. 

OUTLINES  OF  GRECIAN  HISTORY.  Is. 

OUTLINES  OF  SACRED  HISTORY.  2s.  6 d. 

OUTLINES  OF  ECCLESIASTICAL  HISTORY.  2s.  6d. 
OUTLINES  OF  HISTORY  OF  THE  BRITISH  CHURCH.  Is.  6 d. 
OUTLINES  OF  GEOGRAPHY.  10<Z. 

OUTLINES  OF  PHYSICAL  GEOGRAPHY.  lOct 
OUTLINES  OF  ASTRONOMY.  lOeZ. 

OUTLINES  OF  GEOLOGY.  10 d. 

OUTLINES  OF  CHEMISTRY.  10 d. 


FIRST  IDEAS  OF  NUMBER.  Is. 

ARITHMETIC  TAUGHT  BY  QUESTIONS.  Is.  6 d. 
IMPROVED  ARITHMETICAL  TABLES.  Gd. 
BHORT’h  HINTS  ON  TEACHING  FRACTIONS.  8 d. 
FIRST  BOOK  IN  ALGEBRA.  Is.  6 d. 

FIRST  BOOK  IN  GEOMETRY.  Is.  6 d. 

EDWARDS’s  FIGURES  OF  EUCLID.  2s. 

HALL’s  ELEMENTS  OF  ALGEBRA.  5s. 


LUDLOW’s  CLASS  READING  BOOK.  2s.  6 d.,  hound. 
CHURCH  SCHOLAR’S  READING  BOOK.  3 Vols.  3s.  each. 
EASY  LESSONS  ON  MONEY  MATTERS.  Is. 

EASY  LESSONS  ON  REASONING.  Is.  6 d. 
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HOUSE  I LRUS  IN.  With  Wood  Cuts.  2s.  6 d. 
ABBOTT’s  READER.  3s. 


FIRST  IDEAS  OF  GEOGRAPHY  FOR  CHILDREN.  Is. 
BEVAN’s  ANCIENT  GEOGRAPHY.  2s.  6 d. 

HAND-BOOK  OF  BIBLE  GEOGRAPHY.  2s. 

BIBLE  MAPS  FOR  SCHOOLS.  Sewed,  3s. 

HUGHES’s  BIBLE  MAPS;  an  Historical  and  Descriptive  Atlas 
of  Scripture  Geography.  Cloth.  Maps  coloured.  5s. 

MAJOR’S  OUTLINE  SCRIPTURE  MAPS,  with  Key.  3s. 

GUYOT’s  EARTH  AND  MAN.  Cheaper  Edition.  2s. 


LESSONS  ON  CHRISTIAN  EVIDENCES.  6 d. 

LESSONS  ON  THE  HISTORY  OF  RELIGIOUS  WORSHIP.  2s. 
MANUAL  OF  THE  HOLY  SCRIPTURES.  4s.  bd. ; in  wrapper,  3s. 
LESSONS  ON  THE  STUDY  OF  PAUL’S  EPISTLES.  9rf. 
RIDDLE’S  FIRST  SUNDAYS  AT  CHURCH.  2s.  6 d, 

ZORNLIN’s  BIBLE  NARRATIVE.  With  Maps.  7s. 

FARR’s  BIBLE  BIOGRAPHY.  4s. 

JOHNS’  SHORT  SERMONS  FOR  CHILDREN.  3s.  6<f. 
READINGS  IN  NATURAL  THEOLOGY.  4s. 

BISHOP  SHORT’S  WHAT  IS  CHRISTIANITY?  Is.  Orf. 

PALEY’s  EVIDENCES  EPITOMIZED,  with  Questions.  3s. 


PARLEY’S  UNIVERSAL  HISTORY.  7s.  6 d. 

SCHOOL  HISTORY  OF  ENGLAND.  Abridged  from  Gleig’s  Family 

HiSTOEr  of  England.  Strongly  bound,  6s. 

TURNER’S  ANALYSIS  OF  ENGLISH  & FRENCH  HISTORY.  2s. 
TURNER’S  ANALYSIS  OF  ROMAN  HISTORY'.  2s. 

TURNER’S  ANALYSIS  OF  GRECIAN  HISTORY.  2s. 

LORD  AND  THE  VASSAL ; a Sketch  of  the  Feudal  System.  2s. 
COCKAYNE’S  CIVIL  HISTORY  OF  THE  JEWS.  4s.  6d 
BITRTON’s  HISTORY  OF  THE  CHRISTIAN  CHURCH.  5s. 
TAYLOR’s  HISTORY  OF  CHRISTIANITY.  6s.  6<f. 

TAYLOR’s  HISTORY  OF  MOHAMMEDANISM.  4s. 

TAYLOR’s  MANUAL  OF  ANCIENT  HISTORY.  6s. 

TAYLOR’s  MANUAL  OF  MODERN  HISTORY.  10s.  6d. 


Conversations  on  GARDENING  & NATURAL  HISTORY. 
ELEMENTS  OF  BOTANY.  With  Wood  Cuts.  2s. 


BOOK  OF  ANIMALS.  \ 
BOOK  OF  BIRDS. 

BOOK  OF  FISHES. 
BOOK  OF  REPTILES. 
BOOK  OF  SHELLS. 


With  Wood  Cuts. 


Is.  6d.  each. 


2s.  6<L 
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BOOK  OF  TREES.  Cuts.  2s. 

ROBERTS’s  DOMESTICATED  ANIMALS.  2s.  6 d. 
ROBERTS’s  WILD  ANIMALS.  2s.  6 d. 

BISHOP  STANLEY’S  HISTORY  OF  BIRDS.  3s.  6d 
MINERALS  AND  METALS.  2s.  6 d. 


EDWARDS’S  Introduction  to  ENGLISH  COMPOSITION.  2s. 
POPULAR  POEMS.  Selected  by  E.  Parker.  2s.  6 d. 

FABLES  AND  MORAL  MAXIMS.  Selected  by  A.  Parker.  3s.  6 d. 
READINGS  IN  ENGLISH  PROSE  LITERATURE.  3s.  6 d. 
READINGS  IN  POETRY.  3s.  6 d. 

READINGS  IN  BIOGRAPHY.  3s.  6 d. 

READINGS  FROM  SHAKSPEARE.  4s.  6 d. 


EASY  LESSONS  IN  MECHANICS.  3s. 

NATURAL  PHILOSOPHY  for  BEGINNERS.  With  143  Cuts.  2s. 

USEFUL  ARTS  employed  in  the  Production  of  FOOD  and  of  CLOTH- 
IN  G.  With  W ood  Cuts.  2*.  6 d. 

USEFUL  ARTS  employed  in  the  Construction  of  DWELLING- 
HOUSES.  With  numerous  Wood  Cuts.  2s.  6rf. 

READINGS  IN  SCIENCE.  With  many  Wood  Cuts.  3s.  6 d. 
MOSELEY’s  LECTURES  ON  ASTRONOMY.  3s.  6cZ. 

MOSELEY’S  MECHANICS  APPLIED  to  the  ARTS.  6s.  6 d. 
LORD’S  POPULAR  PHYSIOLOGY.  5s. 

WAYLAND’s  ELEMENTS  OF  POLITICAL  ECONOMY.  2s. 


FRENCH. 

I.E  TELLIER’s  FRENCH  GRAMMAR,  adapted  for  English  Teaching. 
By  J.  F.  WATTEZ,  French  Master,  King’s  College.  4s. 

VENTOUILLAC’s  RUDIMENTS.  3s.  6 d. 

WATTEZ’s  COLLOQUIAL  EXERCISES.  2s.  6 d. 

BRASSEUR’s  EXERCISES  ON  PHRASEOLOGY.  3s.  6 d. 
VENTOUILLAC’s  FRENCH  POETRY  ; with  Enolisii  Notes.  2s. 
FRENCH  CLASSICS.  Abridged  in  an  entirely  new  form,  and  graciously 

permitted  by  Her  Majesty  to  be  used  as  Educational  Works  lor  the  instruction  of 
the  Royal  Children  of  England.  By  Marik  de  la  Vo  ye. 


Telemaque.  2s.  6 d. 
Voyages  de  Cyrus.  2s. 
Belisaike.  Is.  6 d. 


Pierre  Le  Grand.  2s. 
Charles  XII.  2s. 

Gil  Blas.  4s. 


ITALIAN. 

BEZZI’s  READINGS  IN  ITALIAN  PROSE  LITERATURE.  7s. 


BERNAYS’  GERMAN  BOOKS. 


Word  Book.  3s. 

Phrase  Book.  3s. 
Conversation  Book.  3s. 
Grammar.  5s. 


Exercises.  4s.  6 1. 
Examples.  3s. 

Reader.  5s. 

Historical  Anthology.  5s. 


CLASSICAL  TEXTS. 


WITH 


iEscHYLi  Eumenides.  Is. 

■2Esohyli  Prometheus  Vlnctds.  Is. 

CjEsar  de  Bello  Gallico.  I.  to 
IV.  Is.  6d. 

Cicero  de  Amicitia  et  de  Senec- 
tate.  Is. 

Cicero  de  Officiis.  2s. 

Cicero  pro  Plancio.  Is. 

Cicero  pro  Milone.  Is. 

Cicero  pro  Mur.ena.  Is. 

Ciceronis  Oratio  Phileppica 
Secunda.  Is. 

Demosthenes  in  Leptinem.  Is. 

Demosthenes  against  Aphobus 
and  Onetor.  Is.  6 d. 

Eurlpidis  Bacchas.  Is. 

Excerpta  ex  Arriano.  2s.  6 d. 

Excerpta  ex  Ldciano.  2s.  6 d. 

Excerpta  ex  Taciti  Annalibos. 

2s.  &d. 

BROWNE’s  LATIN  GRAMMAR  FOR  LADIES.  Is.  6<f. 
DONALDSON’S  RUDIMENTS  OF  LATIN  GRAMMAR.  Is.  Sd. 
DONALDSON’S  COMPLETE  LATIN  GRAMMAR.  3s.  6d. 
EXERCISES  ON  DONALDSON’s  LATIN  GRAMMAR.  2s.  6<L 
MAJOR’S  LATIN  EXERCISES  FOR  JUNIOR  CLASSES.  2s.  6cL 
EDWARDS’S  LATIN  EXERCISES  FOR  MIDDLE  FORMS.  4s. 
EDWARDS’s  EXERCISES  IN  LATIN  LYRICS.  3s. 
EDWARDS’s  EXERCISES  IN  ELEGIACS  AND  HEROICS.  3s. 
CROCKER  ON  THE  LATIN  SUBJUNCTIVE  MODE.  4s. 
CARR’s  LATIN  SELECTIONS.  With  Appendix.  3s.  &d. 


Horatii  Ars  Poetica.  fA. 
Hobath  Carmixa.  Is.  6 d. 
Horatii  Satire.  Is. 

Ovidh  Fasti.  2s. 

Platonis  Piledo.  2s. 

Platonis  Ph.edeus.  Is.  (A. 
Platonis  Mexexexus.  Is. 
Plauti  Miles  Glouiosus.  Is. 
Pldtarch’s  Lives  op  Solos; 

Pericles,  & Philopcemex.  2s. 
Sophoclis  (Ed i pus  Tyraxxdb, 
with  English  Notes.  2s.  6 d. 
Sophoclis  Philoctetes, 
English  Notes.  2s. 

Taciti  Germania. 

Taciti  Agricola. 

Terexth  Adelphl 
Terenth  Andria. 

ViRGiLn  Geobgica. 


Is. 

Is. 

Is. 

Is. 

Is.  (A. 


CATILINE,  and  JUGURTHA  of  SALLUST.  With  Axthox’s  Notes. 

Edited  by  the  Rev.  J.  Edwards.  2s.  6d.  each. 

sENEID  OF  VIRGIL.  With  Axthox’s  Notes.  Edited  by  Major.  5s. 
EPISTLES  OF  CICERO  AND  PLINY.  With  Notes.  2s.  6d. 
ORATIONS  OF  CICERO.  With  English  Notes.  2s.  6rf. 
DONALDSON’s  GR2ECaE  GRAMMATICAL  RUDIMENTA.  2s.  6d. 
DONALDSON’s  COMPLETE  GREEK  GRAMMAR.  4s.  6 rf. 
JACOB’S  FIRST  GREEK  READER,  with  English  Notes.  4s. 
CAMBRIDGE  GREEK  TESTAMENT.  3s.  6rf. 

MAJOR’S  EXCERPTA  EX  HERODOTO.  With  Notes.  4s.  6 d. 
MAJOR’S  EXCERPTA  EX  XENOPHONTIS  CVROP^DIA ; with 

a Vocabulary,  and  Notes.  3s.  6d, 


WEST  STRAND,  LONDON. 


3 


Church.  First  Sundays  at  Church;  or,  Familiar  Conversations 

on  the  Morning  and  Evening  Services,  by  the  Rev.  J.  E.  Riddle,  M.A. 
Cheaper  Edition,  2«.  6d. 

♦Churchman’s  Almanack.  Published  Annually,  2d. 

♦Church  Scholar’s  Reading  Book.  With  a copious  Index 

to  each  Volume.  Three  Volumes.  3*.  each. 


♦Class  Reading  Book ; designed  to  furnish  Youth  with  useful 

Information  on  various  subjects,  by  George  Ludlow,  Master  in  Christ's 
Hospital.  Cheaper  Edition,  2s.  6d.  bound. 


Conversations  of  a Father  with  his  Children,  with  Illustra- 

tions.  Cheaper  Edition,  in  one  Volume.  3s.  6d. 

Cook.  The  Life,  Voyages,  and  Discoveries  of  Captain  Cook. 

With  Illustrations.  2s.  0d. 

Crusaders ; or,  Scenes,  Events,  and  Characters,  from  the 

Times  of  the  Crusades,  by  Thomas  Keightley.  One  Volume.  7s. 

Deaf  and  Dumb  Boy,  a Tale,  by  the  Rev.  W.  Fletcher,  M.A. 

Cheaper  Edition,  is.  6 d. 

Davies,  James,  a Village  Schoolmaster,  Life  of.  By  Sir  Thomas 

Phillips.  With  Portrait  and  Illustrations.  Cheaper  Edition,  2s.  6 d. 

♦Domesticated  Animals,  considered  with  reference  to  Civiliz- 
ation and  the  Arts,  by  Mary  Roberts.  Cheaper  Edition,  2s.  6 d. 

Ecclesiastical  and  Eleemosynary  Statutes.  The  Practical 

Statutes  relating  to  the  Ecclesiastical  and  Eleemosynary  Institutions  of 
England,  Wales,  Ireland,  India  and  the  Colonies;  with  the  Decisions 
thereon.  By  Archibald  John  Stephens,  M.A.,  F.R.S.,  Barrister-at-Law. 
Two  Volumes,  Royal  Octavo,  £3  3*.  boards;  £3  13*.  6 d.  in  law  calf. 


Ecclesiastical  History  before  the  Reformation,  Outlines  of,  by 
the  Rev.  W.  H.  Hoare,  M.A.,  late  Fellow  of  St.  John’s  College,  Cam- 
bridge.  2#.  6d. 

♦Education  and  Treatment  of  Children;  The  Mother's  Boole, 
adapted  to  the  Use  of  Parents  and  Teachers.  2s.  (id. 

Elizabethan  Religious  History,  by  the  Rev.  Henry  Soames, 

M.A.,  Chancellor  of  St.  Paul’s  Cathedral.  16*. 

♦England.  Outlines  of  the  History  of  England,  by  George 

Hogarth.  With  Illustrations.  Cheaper  Edition.  1«. 
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^England.  School  History  of  England;  with  a copious  Chro- 
nology, Tables  of  Contemporary  Sovereigns,  and  Questions  for  Exami- 
nation. Abridged  from  Gleig’s  Family  History  of  England.  6«. 

*England.  The  Family  History  of  England,  by  the  Rev.  G.  R. 

Gleig,  M.A.,  Inspector  General  of  Military  Schools.  Cheaper  Edition. 
Three  Volumes.  10s.  6 d. 

*English  Grammar,  by  the  Rev.  Dr.  Russell,  late  Head  Vaster 

of  the  Charter  House.  Is.  6d. 

^English  Literature.  Readings  in  English  Prose  Literature ; 

containing  Choice  Specimens  from  the  best  English  Writers,  with  Essays 
on  English  Literature.  Cheaper  Edition.  3*.  6d. 

Ethel  Lea : a Story.  By  Anna  King.  Cheaper  edition.  Is.  6 d. 
Euclid.  The  Figures  of  Euclid,  with  Questions  and  Geo- 

metrical  Exercises,  by  Kev.  J.  Edwards,  M.A.  Cheaper  Edition,  2 1. 

Fables  and  Moral  Maxims,  in  Prose  and  Verse,  selected  by 

Anne  Parker.  With  One  Hundred  Illustrations.  3«.  6 d. 

^Familiar  Tales  and  Conversations,  with  Easy  Lessons  from 

History.  With  Illustrations.  2s.  See  In'stbuctok,' Yol  L 

*Fishes.  The  Book  of  Fishes.  With  Illustrations.  Is.  6 d. 
France.  Outlines  of  the  History  of  France,  by  the  Rev.  0. 

Cockayne,  M.A.,  of  King’s  College  School,  London.  1*.  3 d. 

Full  wood’s  Roma  Ruit.  The  Pillars  of  Rome  broken:  wherein 

all  the  several  Pleas  for  the  Pope’s  Authority  in  England,  with  all  the 
material  Defences  of  them,  are  revised  and  answered.  A Xew  Edition, 
by  C.  Hardwick,  M.A.,  Octavo.  10«.  6 d. 

^Geography.  Outlines  of  Geography.  With  Maps.  lOrf. 
Geography.  Descriptive  Geography,  with  Popular  Statistics  of 

various  Countries.  2*.  See  Instructor,  Vol.  Y. 

Geography.  Outlines  of  Physical  Geography.  By  Miss  R.  M. 
Zornlin.  With  Illustrations.  10</. 

Geography.  Recreations  in  Physical  Geography;  or,  the  Earth 

as  it  Is,' by  Miss  R.  M.  Zornlin.  With  Hlustrations.  6*. 

Geology.  Outlines  of  Geology,  by  Miss  Zornlin.  lOd. 
Geometry.  A Eirst  Book  in  Geometry.  Is.  6 d. 

Greece.  Outlines  of  Grecian  History,  by  the  Rev.  Barton 

Bouchier,  M.A.  With  Illustrations.  1*. 
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History  of  the  Christian  Church,  from  the  Ascension  of  Jesus 

Christ  to  the  Conversion  of  Constantine,  by  E.  Burton,  D.D.,  Kegius 
Professor  of  Divinity,  Oxford.  Cheaper  Edition,  5s. 

History  of  the  Church  of  Ireland,  by  the  Rt.  Rev.  R.  Mant, 

D.D.,  Lord  Bishop  of  Down  and  Connor.  Two  large  Volumes,  17s.  each. 

House  I live  in;  or.  Familiar  Illustrations  of  the  Structure 

and  Functions  of  the  Human  Body.  With  Illustrations.  2s.  dd. 

Household  Matters.  Instructions  in  Household  Matters;  or. 

The  Young  Girl’s  Guide  to  Domestic  Service.  Written  by  a Lady,  with 
an  especial  View  to  Young  Girls  intended  for  Service  on  leaving  School. 
With  Illustrations.  1«.  Qd. 

Humboldt’s  Travels  and  Discoveries  in  America.  With  Illus- 
trations. 28.  6 d. 

♦The  Instructor;  or,  Progressive  Lessons  in  General  Know- 

ledge,  with  Questions  for  Examination.  Seven  Volumes,  each  being 
complete  in  itself.  With  Illustrations.  2s.  per  Volume. 

I.  Familiar  Tales,  Conversations,  and  Lessons  from 
History. 

II.  Lessons  on  Houses,  Furniture,  Food,  and  Clothing. 

III.  Lessons  on  the  Universe. 

IY.  The  Book  of  the  Calendar,  the  Months,  & the  Seasons. 
V.  Descriptive  Geography,  with  Popular  Statistics. 

YI.  Elements  of  Ancient  History. 

VII.  Elements  of  Modern  History. 

*Insects  and  their  Habitations.  With  Elustrations.  1.?. 
Ireland.  Outlines  of  the  History  of  Ireland.  By  Rev.  0. 

Cockayne,  M.A.,  one  of  the  Classical  Masters  of  King's  College  School.  Is. 

Jews.  The  Civil  History  of  the  Jews,  from  Joshua  to 

Hadrian.  By  the  Rev.  O.  Cockayne,  M.A.,  of  King’s  College.  4s.  dd. 

♦Lessons  of  Praise,  in  easy  Verse,  for  Children.  4c?. 

♦Lessons  on  Houses,  Furniture,  Food,  and  Clothing.  With 

Illustrations.  2«.  See  Instbuctob,  Vol.  II. 

♦Lessons  on  the  U inverse;  the  Animal,  Vegetable,  and  Mineral 

Kingdoms;  and  the  Human  Form.  With  Hlustrutions.  2s.  See  In- 
stbuctob,  Vol.  III. 

♦Light  in  Darkness ; or,  Records  of  a Village  Rectory. 

Cheaper  Edition,  2*.  6d . 

Little  Reading  Book  for  Young  Children.  4 d. 
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Little  Bracken  Burners,  a Tale;  and  Little  Man’s  Four 

Saturdays.  By  Lady  Callcott.  With  Frontispiece  by  Sir  A.  W.  Call- 
cott.  Cheaper  Edition,  Is.  6d. 

Margaret  Trevors ; or,  a Blessing  on  the  Observance  of  the 

Lord’s  Day.  4ad. 

♦Mechanics.  Easy  Lessons  in  Mechanics,  with  Familiar 

Illustrations  of  the  Practical  Application  of  Mechanical  Principles.  3«. 

♦Mechanics  applied  to  the  Arts,  by  the  Rev.  Henry  Moseley, 

M.A.,  F.R.S.  With  Illustrations.  6*.  6 d. 

♦Minerals  and  Metals ; their  Natural  History,  and  Uses  in  the 

Arts ; with  Accounts  of  Mines  and  Mining.  With  Illustrations.  2#.  6 d. 

♦Modem  History.  The  Elements  of  Modem  History.  2s. 

See  Isstbuctob,  Vol.  YU. 

Modem  History.  The  Student’s  Manual  of  Modem  History; 

the  Rise  and  Progress  of  the  Principal  European  Nations,  their  Political 
History,  and  the  Changes  in  their  Social  Condition ; with  a History  of 
the  Colonies  founded  by  Europeans.  By  Dr.  W.  C.  Taylor.  10#.  6 d. 

♦Mohammedanism.  History  of  Mohammedanism,  and  Moham- 

medan Sects.  By  Dr.  W.  C.  Taylor.  Cheaper  Edition,  4*. 

♦Money  Matters.  Easy  Lessons  in  Money  Matters.  With 

Illustrations.  Is. 

♦Music.  A Manual  of  Instruction  in  Vocal  Music,  chiefly  wit  h 

a view  to  Psalmody.  By  John  Turner.  4 >s. 

♦Music.  Instruction  Cards,  prescribed  in  the  above  Manual; 

No.  1,  Notation;  No.  2,  the  Diatonic  Major  Scale,  or  Key;  with  Ex- 
amples. Is.  per  Dozen  Cards. 

Natural  History.  Sister  Mary’s  Tales  in  Natural  History.  With 

Illustrations.  ' Cheaper  Edition,  la.  6 d. 

Natural  Philosophy  for  Beginners.  With  One  Hundred 

Illustrations.  Cheaper  Edition,  2s. 

♦Palestine.  Three  Weeks  in  Palestine  and  Lebanon.  With 

Illustrations.  Cheaper  Edition,  2s. 

♦Park’s  (Mungo)  Life  and  Travels.  With  an  Account  of  his 

Death,  and  the  Substance  of  Later  Discoveries.  With  Illustrations.  2*.  6 d. 

♦Persian  Fables.  By  the  Rev.  G.  Keene.  With  Woodcuts.  Is. 
♦Persian  Stories  illustrative  of  Eastern  Manners  and  Customs. 

By  the  Same.  Illustrations.  1#. 
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Penny  Saved  is  a Penny  Got;  a Village  Tale,  founded  on 

Facts.  6 d. 


Poetry.  Popular  Poems,  selected  by  E.  Parker.  Cheaper 

Eclition,  2s.  6 d. 


♦Poetry.  Readings  in  Poetry;  Selections  from  the  Works  of 

the  "best  English  Writers,  with  Specimens  of  the  American  Poets. 
Cheaper  Edition,  3a.  6 d. 


Pretty  Lessons  for  Good  Children;  with  Easy  Lessons  in 

Latin.  By  Sara  Coleridge.  New  Edition,  with  additional  Illustra- 
tions. 2a. 


♦Physiology.  Popular  Physiology ; or  Pamiliar  Explanations 

of  Interesting  Facts  connected  with  the  Structure  and  Functions  of 
Animals,  and  particularly  of  Man.  By  the  late  Dr.  Lord.  Cheaper 
Edition,  thoroughly  revised,  5a. 


Reasoning.  Easy  Lessons  on  Reasoning.  Is.  6 d. 


♦Reptiles.  The  Book  of  Reptiles.  With  Illustrations.  Is.  6th 
Reverses ; or,  Memoirs  of  the  Eairfax  Family.  4s. 


♦Roman  History.  Outlines  of  Roman  History.  By  George 

Hogarth.  With  Illustrations.  10<Z. 

♦Sacred  Poets.  Lives  of  the  English  Sacred  Poets.  By  the 

Rev.  R.  A.  Willmott.  Two  Volumes,  9a. 


♦Sacred  History.  Outlines  of  Sacred  History,  from  the  Creation 

to  the  Destruction  of  Jerusalem.  Cheaper  Edition,  2a.  6 d. 

Sacred  Minstrelsy:  a Collection  of  Sacred  Music  from  the  finest 

Works  of  the  Great  Masters,  arranged  as  Solos  and  Concerted  Pieces 
with  Accompaniments  for  the  Piano-Forte,  Organ,  &c.  Half-bound  in 
Two  handsome  Folio  Volumes,  Turkey  Morocco,  Two  Guineas. 

Sancroft.  Life  of  Archbishop  Sancroft,  by  George  D’Ovlv, 

D.D.  With  Portrait,  9a. 

Saturday  Magazine.  Half  Yearly  Volumes,  I.  to  XXV.,  at  4s.  6d. 

Annual  Volumes,  1833  to  1844,  at  7a.  tid. 


♦School  History  of  England,  abridged  from  Glcig’s  Family  His- 
tory of  England,  with  copious  Chronology,  Tables  of  Contemporary  Sove- 
reigns,  and  Questions.  Strongly  bound,  Ga. 

♦Science.  Readings  in  Science ; or,  Familiar  Explanations  of 

Appearances  in  ><ature,  and  of  Principles  in  Natural  Philosophy. 
Cneaper  Edition,  3».  6d. 

♦Shells.  The  Book  of  Shells,  with  Illustrations.  Is.  Gd. 
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^Sunday  Schools.  Hints  for  the  Formation  and  Management  of 

Sunday  Schools,  by  J.  C.Wigram,  M.A.,  Archdeacon  of  Winchester.  1*. 

*Sunday  Schools.  Advice  to  Teachers  of  Sunday  Schools  in 

connexion  with  the  Church,  by  J.  Medley,  D.D.,  Lord  Bishop  of 
Fredericton.  3d. 

^Sunday  Schools.  A Pocket  Manual  for  the  Sunday-School 

Teacher,  by  the  Rev.  J.  Hull.  Is. 

Susan  Carter,  the  Orphan  Girl.  Parts  I.  & PEI.  6 d. 

Part  II.  8c£. 

Tales  and  Stories  from  History.  By  Agnes  Strickland.  TTith 

Illustrations.  Cheaper  Edition,  One  Volume,  be. 

Taylor,  Bishop  Jeremy;  his  Predecessors,  Contemporaries,  and 

* Successors.  By  the  Rev.  R.  A.  Wiilmott,  Incumbent  of  Bearwood.  5s. 

*Trees.  The  Book  of  Trees.  With  Illustrations.  2s. 
Twysden’s  Historical  Vindication  of  the  Church  of  England  in 

point  of  Schism.  Edited  for  the  Syndics  of  the  Cambridge  Press,  with 
the  Author’s  MS.  Additions,  by  G.  E.  Corrie,  D.D.,  Master  of  Jesus 
College,  Cambridge,  Examining  Chaplain  to  the  Lord  Bishop  of  Ely. 
Octavo,  7s.  6d. 

Useful  Arts  employed  in  the  Production  of  Food.  With 

Illustrations.  2s.  6d. 

Useful  Arts  employed  in  the  Production  of  Clothing.  With 

Illustrations.  2 s.  6d. 

Useful  Arts  employed  in  the  Construction  of  Dwelling  Houses 

With  Illustrations.  2s.  6 d. 

Useful  Hints  for  Labourers.  Two  Series,  Is.  6 d. 

*Village  Annals ; or,  the  Story  of  Hetty  Jones,  by  Camilla 

Needham.  Parts  I.  & II.,  9 d. ; Part  III.,  6d. 

Wild  Animals ; their  Nature,  Habits,  and  Instincts,  by  Mary 

Roberta.  With  Illustrations.  Cheaper  Edition,  2*.  6 d. 
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